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ABSTRACT 


The modern tactical commander has a flood of sensory and intelligence information 
at his disposal. A tool is required to sort the information that is most pertinent to the 
decisions he must make at that tme. The Command and Control Workstation of the 
Future (CCWF) is an interactive, near real-time system that displays multiple win- 
dows providing visualization of the terrain in both two and three dimensions. The ter- 
rain is drawn with Defense Mapping Agency Digital Terrain Elevation Data using 
three image resolutions in order to display large areas of terrain. This study consists 
of enhancements to prior work on the CCWF. The focus of this effort is in two areas. 
One is enhancing the maintainability of the CCWF system through use of standard 
software engineering techniques (i.e., modularization, descriptive labeling, etc.). The 


second focus is on improving the user interface of the CCWF. 
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I, OVERVIEW 
A. THE COMMAND AND CONTROL WORKSTATION 


In today’s world of supersonic missiles and aircraft, the professional naval offi- 
cer must be able to assess all sensor inputs in a matter of seconds (not minutes)! 
Expedient, correct, action is a must. To analyze multiple inputs (NTDS, radar, 
sonar), in an efficient manner, an integrated method of information presentation must 
be devised. One way to study the presentation of such information is through the 
paradigm of the command and control workstation. For that study, we propose a tool 
that collects and displays inputs from sensors in a manageable form. That tool is 


called the Command and Control Workstation of the Future (CCWF) [Ref. 1]. 


This study includes enhancements to the design and implementation of an inte- 
grated presentation method that improves the warfighting capability of today’s profes- 
sional naval officer. The CCWF’s goal is to provide a prototype visualization tool 
that is to be used in the Combat Information Center (CIC) to assist in "fighting the 
ship." The CCWE is also planned as a training tool for a CIC watch team. Additional 
goals of the CCWF include a user-friendly interface and near real-time, three-dimen- 
sional display. The CCWF is implemented on inexpensive workstations available in 
the Graphics and Video Laboratory of the Department of Computer Science at the 


Naval Postgraduate School. 


1. Discussion 


The main advantage of using low cost (less than $100,000) workstations is 
the future capability of producing a large number of CCWFs for distribution throughout 
the Navy. At this cost, every ship will be able to integrate the CCWF into its CIC. 
When this is done, real sensor inputs will be used and the CCWF will begin to show 


its true potential. 
a. Use of Color 


The use of color in two and three-dimensional images significantly 
improves not only the appearance but the effectiveness of the display. The Watch 
Officer who must monitor several different inputs, including sensor data, communica- 
tions, message traffic, intelligence information, and ship’s location data, needs to be 
able to analyze a given display quickly. Using a color display assists in quick and 


accurate information analysis by the Watch Officer. 
b. Changing Viewpoint 


One of the Surface Warfare Officer’s main restrictions while aboard ship 
is visibility. The lack of extended visibility negatively impacts the ship-bound officer 
whenever he is on watch. While standing watch in CIC, the officer has to rely on sen- 
sors, radar and sonar to form an artificial, interpreted view. As Officer of the Deck 
(OOD) on the bridge, visibility is limited to about twelve miles on a Destroyer. Visi- 
bility can be even less when foul weather is encountered. The OOD is assisted by 
the same radar that is present in CIC, but frequently this radar is inactive in order to 
decrease the probability of being located by an enemy warship. If these sensor inputs 


are removed, CIC is completely without a view and the OOD is limited to the current 


Be) 


visibility. A strategy currently in use to minimize this limited visibility problem is the 
use of aircraft. To simulate an aircraft, or as a substitute for an aircraft, the CCWF 
allows the user to change his current viewing position (viewpoint). A new viewpoint 
can be selected by the user at any time. Once selected, a three-dimensional image of 
the new viewpoint is presented, as if the user were really there. The capabilities of 
this feature include over-the-horizon (OTH) targeting, piloting through limited visibil- 


ity, or recreating the view from another platform in the battlegroup. 
c. Use of Windows 


A primary goal of the CCWE is to provide as much information as possi- 
ble in an integrated fashion. The best method of accomplishing this goal is through 
the effective use of windows. Windows are separate displays combined onto a single 
monitor. Each window contains a different type of information. The "big picture” is 


generated by combining all the data displayed in each window. 


The CCWE includes windows that display the following information: 
three-dimensional visualization from the current platform; two-dimensional display 
of the entire area, similar to a color-coded (by elevation) chart; simulator perfor- 
mance data -- number of polygons drawn; position data -- latitude and longitude; 
dial and button help -- includes course, speed, altitude, and other pertinent informa- 
tion about the current platform from which the viewpoint is determined. Another 
important characteristic of a window is its ability to be moved and/or resized. In the 
CCWF the two-dimensional chart window can be moved around and/or resized to 


better fit the needs of the operator. 


d. Use of Popup Menus 


A secondary goal of the CCWF is to provide a user-friendly environ- 
ment. The importance of this objective is usually underestimated in software system 
development. The lack of proper human factors engineering is usually due to cost-cut- 
ting efforts or inadequate time spent developing the system. This can turn a good 
system into a failure when implemented if the user rejects it due to an unsatisfactory 


user-interface. 


A technique used to increase the ease with which a user masters a giv- 
en tool is the use of popup menus. A completely menu-driven interface is easier to 
master mainly because there is nothing a user has to remember. By pressing a 
mouse button a menu appears which states available options at any given time. The 


user Selects an option by highlighting his choices and releasing the mouse button. 


B. SCOPE OF THIS STUDY 


The scope of this effort is to enhance previous work on the CCWF. The focus of 
these enhancements is in two main areas. First, to significantly improve the main- 
tainability of the system through application of standard software engineering tech- 
niques. These techniques include increased use of modularity, comments, and 
descriptive labeling of variables and modules. Second, provide for a friendlier user- 
interface which is not only easier to use, but provides more comprehensive informa- 
tion to the user. The goal of this system is to improve upon already existing data 
Structures and algorithms in order to provide a more realistic display of sensor infor- 


mation and the sea/land environment. 


II. FOCUS 
A. PRELIMINARY RESEARCH 


One computer graphics research project at the Naval Postgraduate School laid 
the groundwork for the current CCWF [Ref. 1]. This project concentrated on generat- 
ing a three-dimensional image of a sea/land environment that could be traversed in 
near real-time. To draw three-dimensional land images, Harris used Digital Terrain 
Elevation Data (DTED) from the Defense Mapping Agency (DMA). _ In order to 
decrease the number of polygons being drawn in each frame, three different levels of 
resolution were used. In the foreground, polygons are drawn using data points at 100 
yard intervals. In the mid-ground, data points are 1200 yards apart and in the back- 
ground data points are 12,000 yards apart [Ref. 1: pp 49-51]. Using three levels of 
resolution significantly increases the rate at which images can be generated. This in- 


creased image generation rate provides for more realistic animation of movement. 
B. SYSTEM MAINTAINABILITY 


One of the largest expenses of a software system over the long term is soft- 
ware maintenance. This maintenance includes correcting "bugs" that occur as the 
system is used over time. Also included in maintenance cost are system upgrades. 
These corrections and/or upgrades can be even more costly if the original system 


implementation team is no longer available to assist. 


Before corrections and/or upgrades to the system can be made, the current 


implementation team must spend many hours studying the existing system. After a 


lengthy, and therefore costly, study phase the current team must determine if the 
desired system changes are feasible. Once determined feasible, the correction and/or 


upgrades may be implemented. 


During the implementation phase, additional time must be spent rewriting the 
original system. This rewriting must be done in strict accordance with standard soft- 
ware engineering principles to ensure that when future system corrections and/or 


changes need to be made, the time spent studying the system 1s minimized. 


Standard software engineering principles include emphasis on modularization, 
self-documenting code (numerous comments), and descriptive labeling of modules, 
variables, and constants. These principles are no more difficult to apply during the ini- 


tial system coding than during the second or third system revision . 
C. USER INTERFACE 


It 1s important throughout the design and implementation of any system that the 
needs of the ultimate user are considered. If the user’s needs are ignored, no matter 


how revolutionary a new system 15, it may ultimately fail due to rejection by the user. 


To properly design a new system in accordance with user’s needs, complete 
analysis must be done. This analysis would include learning how the current system 
operates, defining user requirements, and evaluating alternative solutions [Ref. 2: pp 
142-151]. Once proper systems analysis is completed, design and implementation 


may begin. 


During system design and implementation, the underlying theme must be that 


the system is for the user. Keeping this in mind will ultimately lead to the delivery of 


a system that will be well-received by the user. With the user’s acceptance the long- 


term success of the system is much more likely to occur. 


D. SUMMATION 


This study takes existing groundwork on the CCWF and adds several enhance- 
ments. These enhancements include significant improvement to the maintainability of 
the software system and an even friendlier user-interface. Improving system main- 
tainability is a particularly important focus for any project that has future potential for 
growth. Because of this importance, the use of proper software engineering principles 


should be emphasized. 


HI. IMPROVEMENT OF SYSTEM MAINTAINABILITY 


A. SYSTEM ANALYSIS 


1. Preliminary Study 


Before any work begins on an existing software system, time must be spent 
becoming familiar with the current system. The amount of time this familiarization 
process takes is dependent upon how well prior design and implementation teams 
applied the elements of good programming style. Elements of good programming 
style include: writing clearly, making programs read from top to bottom, choosing a 
data representation that makes the program simple, use of modularization, making 


every comment count, and using variable names that mean something [Ref. 3]. 


After a preliminary familiarization period has taken place, the feasibility of 
upgrading the current system must be determined. If the system is completely lack- 
ing the elements of good programming style, the current implementation team could 
decide to start from scratch. On the other hand, if the current system does make use 
of the elements of good programming style, it will be considered feasible to upgrade 
the current system. If the current system is usable, a significant amount of implemen- 


tation time will be saved. 


2. In-depth Study 


Once feasibility is determined, the current design and implementation team 
must perform an in-depth study of the existing system. Objectives considered during 


this detailed study include: determine who the system is being designed for, analyze 


any limitations or constraints the project has, identify what functions the current sys- 
tem provides and to what extent these functions relate to the overall system goals, 
and learn how the current system operates. After the in-depth study has been com- 


pleted, a problem statement is generated [Ref. 2: pp 182-190]. 
3. Problem Statement 
The problem statement used for enhancing the CCWF 1s as follows: 


(1) Significantly increase use of the elements of good programming style. 

(2) Add lighting -- compute the normal vectors for all polygons. 

(3) Convert preprocessed DMA data file to be on-line with the display program 
(no file or data duplication). 

(4) Improve user-interface through use of multiple windows. 

(5) Improve control interface -- currently too sensitive. 

(6) Draw the ocean as polygons instead of an underlying plane. 

(7) Integrate ship hulls and bottoms (underwater view) into three-dimensional 
image. 

(8) Provide for changing of user’s viewpoint. 


4. Defining User Requirements 


Once the current system is completely understood, taking the time to deter- 
mine what the intended user wants the system to do is critical. If this system analy- 
Sis step is not performed, an otherwise effective system could fail because it doesn’t 


do what the user wants. 


The objectives of the user requirements study include: identifying all users 
of the new system, defining the functions that must be provided by the new system, 
ensuring that the user’s needs are in accordance with the overall goals of the system, 
and defining the data and other information that must be processed. After the user 
requirements study is completed, a requirements statement is generated [Ref. 2: pp 


7-197). 
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5. Requirements Statement 


The requirements statement used in the CCWF is constantly expanding as 


more system features become possible. The following is a current list of system 


requirements: 

(1) Generate a three-dimensional image using DMA data. 

(2) Traverse over three-dimensional image using near real-time animation. 

(3) Allow user to define traversal view changes with course, speed, and altitude 
inputs. 

(4) Maintain and display current position in terms of latitude and longitude 

(5) Provide system performance data using the number of polygons being drawn 
as a unit of measure. 

(6) Make use of multiple windows to present as much information as possible. 

(7) Provide a friendly user-interface with which a new user can become proficient 
in a short period of time. 

(8) Provide a User’s Manual to assist the new user in learning the system. 

(9) Generate a two-dimensional image of entire area of database. 


(10) Display user’s current position in two-dimensional image. 

(11) Update user’s position as it changes through application of course and speed. 
(12) Allow user to change viewpoint to another position within the database. 

(13) Allow user to return to original viewpoint. 

(14) Allow user to choose which type of platform to operate (ship or aircraft). 
(15) Allow user to select from a range of visibilities. 


B. 


PROGRAM STRUCTURE 


1. Top-Down Design 


After system analysis is completed the project enhancements are complete- 


ly understood. With the problem statement and requirements statement in hand, 


design of enhancements may begin. 


Through the use of top-down design methodology, each enhancement to the 


CCWF is implemented. After a specific enhancement has been selected as our 


ria 


objective, the first step is to write a high-level pseudo-code statement describing the 
objective. We then begin refining the high-level statement into stages which when 
accomplished will meet our objective. We continue refining and filling in specific 


tasks, within each stage, until a final pseudo-code version is generated. 


To implement the modules required to meet our objective, first make use of 
the pseudo-code to review and debug the algorithm. Once the algorithm is correct, 
rewrite it using C. C is the programming language used by the Silicon Graphics IRIS 


graphics workstations. 


Another important step in top-down design is choosing a data structure. 
Throughout the design process of enhancements to the CCWF, data structures have 
been chosen that will make the program as simple as possible. The main reason for 
this being the ease with which future students will be able to familiarize themselves 


with the current system. Figure 3.1 demonstrates the use of top-down design in the 


CCWF project. 
2. Modularity 


Due to the large size of many programs, it is basically impossible to understand how 
they function as a whole. The program must be separated into many small pieces, 
which can be implemented individually. These small pieces become the building 
blocks, or "modules" of large programs. Every module is to be designed to do one 
thing well. If a module is designed to do too many things, its usefulness will be limit- 
ed. The over-tasked module will be more complex and harder to maintain [Ref. 3: pp 
59-64]. A positive side-effect of problem simplification through modularization is 


increased program efficiency [Ref. 4: pg 105]. 
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Figure 3.1 Top-down Module Design 


Objective: Generate a two-dimensional image of entire area of database 


High-level psuedo-code: Draw two-dimensional image 


First Refinement: Read in data 
Draw image 
Display image 
Second Refinement: Read data into data structure 


Calculate altitude breakpoints 
Generate image relative to altitude 
Display image 


Final Refinement: Read data into array 
Calculate altitude breakpoints 
Select which window to display image 
Establish world coordinates of window 
Draw ocean as background 
Use breakpoints to establish altitude contours 
Color in points relative to altitude contour 
Display image 


The final refinement is implemented using four separate modules: 


Read data into array => read _terrain data 
Calculate altitude breakpoints => calc_breakpoints 
Select which window to display image => setwindow 
Establish world coordinates of window => draw 2D terrain 
Draw ocean as background => draw 2D terrain 
Use breakpoints to establish altitude contours => draw 2D _ terrain 
Color in points relative to altitude contour => draw_2D terrain 
Display image => draw 2D terrain 
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Each module can be written and compiled separately from the rest of the pro- 
gram. After the module is tested and found to perform its function in accordance with 
the system requirements, it is linked to the rest of the modules. This linking process 
integrates the newly generated module into the main program and adds the newly cre- 


ated feature to the system. 


An underlying objective of many computer programs is to automate the 
repetitiveness of an action performed by a user. When modeling the user action in the 
form of a function, the repetitiveness will remain in the form of code. Modularization 
allows for the removal of the repeated code section by separating it into an individual 
module. If any irregularities do exist in the repeated action, they can be summarized 


in the module’s argument list. 


In order to improve system maintainability, a good rule of thumb is to mini- 
mize coupling of modules. Coupling is the existence of relationships between mod- 
ules. Minimizing coupling provides for the maximum independence between 
modules. If coupling does exist, it should be made as explicit as possible [Ref. 3: pg 
62]. Explicit coupling is demonstrated in the relationship between the modules, 
setwindow() and billboard(). The only relationship between the two modules is the 
window number setwindow() needs to perform its function. This relationship is 
explicitly stated in the argument list of the module call statement. The call statement 
used by billboard() is "“setwindow(BILLBOARDWIN),” where BILLBOARDWIN is 


a manifest constant equal to the billboard’s window number. 


In addition to performing only a single function, each module is to hide its 


own method of operation from the rest of the program. This principle of information 


Be 


hiding will improve the system maintainability by allowing the individual module to be 


changed independently of others. 


The software tool used by the CCWF to implement modularization and link- 
ing is Make. Make, an Unix operating system software tool, takes a programmer 
generated Makefile as input. The Makefile is a listing of all the modules contained in 
the CCWF (see Figure 3.2). Make, checks the time stamp on all the listed modules. 
Any module that has been modified since Make was last executed is recompiled. 
Once all modules are compiled, Make automatically links the entire list of modules. 


Output from Make is a single executable program. 


C. DOCUMENTATION 


1. Importance 


The significance of complete documentation to the future maintainability of a 
software system cannot be understated. Without accurate and comprehensive docu- 
mentation, upgrading a system is infeasible. Such a large amount of time will be 
spent learning the current system, the costs of enhancements will far outweigh any 
benefits gained. Because of the excessive familiarization costs, the enhancement 


design and implementation team will be better off to start from scratch. 


2. Documentation Techniques 


The primary technique used by the CCWF is that of self-documenting code. 
Self-documentation is accomplished through the application of several different princi- 
ples. First, the program is written with a clean structure. A well structured program 
follows from the use of a top-down design methodology. The program is read from 


top-to-bottom as the system actually works. When this is true the familiarization 


as 


Figure 3.2 CCWF Makefile 


CFLAGS = -Zg -g 


OBJS = 3d.o\ 
adjust_bounds.o\ 
billboard.o\ 
calc_breakpoints.o\ 
clear_overlays.o\ 
colorramp.o\ 
do_menu.o\ 
draw_2D_terrain.o\ 
draw_cell.o\ 
draw_dials.o\ 
draw_ocean.o\ 
draw_poly.o\ 
draw_skirt.o\ 
draw_terrain.o\ 
gamma.o\ 
get_terrain.o\ 
init_controls.o\ 
init_graphics.o\ 
init_queue.o\ 
init_terrain.o\ 
init_view.o\ 
initialize_3d.o\ 
mainmenu.o\ 
make_levell.o\ 
make_level2.o\ 
make_level3.o\ 
maxmin.o\ 
name_conv.o\ 
open_2D_terrain_wind.o\ 
open_3D_terrain_wind.o\ 
open_billboard_wind.o\ 
open_dial_help_wind.o\ 
open_performance_wind.o\ 
open_posit_wind.o\ 
open_windows.o\ 
platform_crashed.o\ 
process_DIALO.o\ 
process_DIAL4.o\ 
process_DIAL5.o\ 
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Figure 3.2 CCWF Makefile (continued) 


process_view_select.o\ 
read_terrain_data.o\ 
relocate_mouse.o\ 
setwindow.o\ 

timer.o\ 
update_2D_position.o\ 
update_dial_data.o\ 
update_elevation.o\ 
update_performance_data.o\ 
update_posit.o\ 
update_position.o 


HDRS|1 = get_terrain.o read_terrain_data.o 


HDRS2 = adjust_bounds.o\ 
draw_cell.o\ 
draw_ocean.o\ 
draw_poly.o\ 
draw_terrain.o\ 
process_view_select.o 


HDRS3 = 3d.o\ 
billboard.o\ 
calc_breakpoints.o\ 
clear_overlays.o\ 
colorramp.o\ 
do_menu.o\ 
draw_2D_terrain.o\ 
draw_dials.o\ 
draw_ocean.o\ 
draw_skirt.o\ 
gamma.o\ 
get_terrain.o\ 
init_controls.o\ 
init_graphics.o\ 
init_view.o\ 
open_2D_terrain_wind.o\ 
open_3D_terrain_wind.o\ 
open_billboard_wind.o\ 
open_dial_help_wind.o\ 
open_performance_wind.o\ 
open_posit_wind.o\ 
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Figure 3.2 CCWF Makefile (continued) 


platform_crashed.o\ 
process_DIALO.o\ 
process_DIAL4.o\ 
process_DIAL5.o\ 
read_terrain_data.o\ 
relocate_mouse.o\ 
setwindow.o\ 
update_2D_position.o\ 
update_dial_data.o\ 
update_elevation.o\ 
update_performance_data.o\ 
update_posit.o\ 
update_position.o 


HDRS4 = 3d.o\ 


3d : $(OBJS) 


do_menu.o\ 
draw_2D_terrain.o\ 
get_terrain.o\ 
init_terrain.o\ 
init_vlew.o\ 
mainmenu.o\ 
make_levell.o\ 
make_level2.o\ 
make_level3.o\ 
process_DIALO.o\ 
process_DIAL4.o\ 
read_terrain_data.o\ 
relocate_mouse.o\ 
update_2D_position.o\ 
update_dial_data.o\ 
update_posit.o\ 
update_position.o 


cc -o 3d $(OBJS) $(CFLAGS) 


$(HDRS 1): filenames.h 
$(HDRS72): terrain.h 
$(HDRS3): constants.h 
$(HDRS4): typedef.h 
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process is much shorter than when no structure exists in the program (see Figure 


5.3): 


Another principle used by the CCWF to increase comprehension while 
reviewing the program is the use of code formatting. Proper use of "white space” and 


indentation makes the program’s logical structure much easier to determine. 


The best technique of documenting expressions, variables, modules, and 
constants is to use identifiers that have meaning. The C programming language pro- 
motes this technique through the use of manifest constants and unlimited length iden- 
tifiers. The CCWE has two header files, constants.h and terrain.h, which list all the 


manifest constants used throughout the system (see Figure 3.4). 


Any additional documentation needed is in the form of comments to the 
source code. Comments are included in the CCWF whenever it is anticipated that a 
future reader may have difficulty understanding what the code is doing at that point. 


Comments are not in the form of a line-by-line explanation of whai is happening. 


SoCharts 


Another method of describing a program is through the use of charts. Charts 
used to provide additional documentation to the CCWF are a Structure Chart, Calls 


Hierarchy Chart, Module Purpose List, and a Module Call List. 


The CCWF Structure Chart, Appendix A, is a treelike representation. Each 
node on the tree represents a module within the CCWF. Modules are broken down 
into sub-modules in top-down design fashion. Once all the modules of the CCWF 
ate represented, execution will occur in a top-to-bottom, left-to-mght sequence. 


Looping is also demonstrated in the structure chart via a ring-like arrow. 
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Figure 3.3 CCWF Self-documenting Code 


a ae me ta Pe Me i FE AA a ee le om ae AE RO Ae i ACS he 6 8 A i he 8 ie 2 i i i 2 ke 


* Author: Rex Cobb 

# Written: 09 AUG 88 

. File Name: process_DIALO.c 

i Purpose: process DIALO queue entry -- course change 

Parameters: structure view (type viewpoint), input course change, 
and lock on status 

- Returns: updated structure view (myview in 3d.c) 


aera tate aA Re 8 Ae AER he Ae A RC ae Ha te Re He eR A ee ee Ae Ae eae AG A Ae ie A a AR A A Ae ee Ae AO ek ee ee / 


/*#define DPRINT 1 */ /* debug print statements */ 
process_DIALO (view, icrs,lock_on) 


viewpoint *view; /* data structure 3D image is calculated relative to */ 
short _icrs; /* intended course */ 
Boolean lock_on;  /* true when look direction is locked onto course */ 


{ 


short course_change=0; /* change in course between dial O input */ 


#ifdef DPRINT 
printf("process_DIALO %d\n"); 
printf("icrs = %d\n",icrs); 
#endif DPRINT 


if (icrs < QO) 


{ 
icrs = icrs + DEGREES_IN_COMPASS; 


} 


else if (icrs > DEGREES_IN_COMPASS) 


icrs = icrs - DEGREES_IN_COMPASS; 


J 
course_change = icrs - (short)(view->crs); 
view->crs = (float)(icrs); 
if (lock_on) 


view->lookdir = view->lookdir + (float)(course_change); 
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Figure 3.4 CCWF Use of Manifest Constants 
(excerpt from constants.h) 


/* window id numbers */ 


#define BILLBOARDWIN 0 
#define POSITWIN 1 

#define DIALHELPWIN 2 
#define TERRAINWIN 3 
#define TWODTERRAINWIN 4 
#define PERFORMWIN 5 


/* constants for 3d display */ 


#define LATITUDE 31 /* subject Celea,) 

#define LONGITUDE 131 /* subject celll4) 

#define MINELEVATION 0 /* lowest elevation in 2D map */ 

#define MAXELEVATION 1120 /* highest elevation in 2D map(meters)*/ 
#define DEGREES_IN_COMPASS 360 

#define INITIAL_HEADING 4 /* dearees a) 

#define INITIAL_SPEED 0 Haley NOLS 13) 

#define INITIAL_ALTITUDE 35 /* yards */ 

#define INITIAL_LOOK_ANGLE 0 /® Geerces:) 


#define INITIAL_LOOK_DISTANCE 0 = /* yards */ 
#define MAX _NUMB_COURSE_TURNS 2 
#define MAX_AIRCRAFT_SPEED 1000  /* knots */ 


#define MAX_SHIP_SPEED 35 /* knots */ 

#define MAX_ALTITUDE 5000 /* yards */ 

#define MAX_LOOK_ANGLE 150 FF aestces 4/ 

#define MIN_ALTITUDE -100 

#define MIN-LOOK_ANGLE 0 Pdeanees a 

#define MAX _LOOK_DISTANCE 240 /* number of miles in cell*4 */ 

#define DIALTOYARDS 10 /* conversion for dial input to yards */ 
#define WINDOWYARDS 100 /* multiplier used to properly update dial 


showing distance of look direction */ 


/* dial sensitivity constants, used to improve smoothness of dial input */ 


#define ALTSENS 6 /* alntude DIAZ 

#define COURSESENS 10 /* course DIALO */ 

#define AIRCRAFT_SPEEDSENS 10 /* speed DIAL] for aircraft */ 
#define SHIP_LSPEEDSENS 20 /* tor shipay 

#define LOOKANGSENS 20 /* look angle DIALS */ 


The purpose of the Calls Hierarchy Chart, Appendix B, is to display calls to 


and by each function within the CCWF. 


The List of CCWF Modules and their Purpose, Appendix C, describes every 


module in the CCWF and what function it performs. 


The List of CCWF Modules and Who they are called by, Appendix D, 


describes every module in the CCWF and what module(s) it is called from. 


All charts for the CCWF have been designed to improve the maintainability 
of the software system. Although charts do improve system maintainability, they are 
of only secondary importance since a programmer can only know for sure what the 
program does by reading the code itself. Program documentation in this format will 
significantly decrease the time required for future students to familiarize themselves 
with the CCWF system. The ease with which the software system can be learned 
will further promote the number of enhancements that can be implemented in a given 


amount of time. 
4. User’s Manual 


During the delivery of a software system, an important piece of documenta- 
tion for the ultimate user is the User’s Manual, Appendix E. The CCWF User’s 
Manual is written in the form of a stand-alone document which describes all the sys- 
tem features and how to make use of them. The user is assumed to have no prior 


knowledge of how to operate either the CCWF or a mouse-driven interface. 
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D. CONCLUSIONS 


To ensure the maintainability of the CCWF, several important principles of soft- 


ware engineering have been followed. 


These principles include spending sufficient time studying the project to 
determine its feasibility. Once the project is determined feasible, additional time 
must be spent performing an in-depth study. The in-depth study will result in a 
complete understanding of the problems needing to be solved. Prior to beginning 
system design, the user’s requirements must be defined. If the ultimate user’s needs 
aren’t defined, an otherwise excellent system could be doomed to failure due to user 


rejection. 


Once a complete system analysis is completed, the design process may begin. 
During design, emphasis is placed on a top-down structure with an effective use of 
modularity. Because of this design emphasis, maintainability is significantly 
increased due to the ease with which future enhancement teams will be able to famil- 


1arize themselves with the CCWEF. 


During analysis, design, and implementation of the enhancements to the 
CCWF, documentation plays an important part. Documentation takes on several 
forms in the CCWF. Primarily the code is intended to be self-documenting through 
the use of clean, well-structured modules. By using regular formatting and identifiers 
(variables, constants, module names) that have meaning, familiarization time is 
greatly reduced. Other documentation used to assist future enhancement teams 
includes comments and charts. Structure charts and hierarchical charts assist famil- 
larization by showing the high-level view of what the different modules do and how 


they relate to each other. 
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Another form of documentation, designed for the ultimate user of the CCWF, is 
the User’s Manual. This document is important since the long term success of the 
CCWF is completely dependent upon acceptance by the ultimate user. The User’s 
Manual explains all the features of the CCWF and how to use them. Without this 


form of reference material, the probability of user rejection is increased. 


Through proper analysis, design, and documentation of enhancements to the 
CCWF, system maintainability is significantly improved. Future enhancements will 


be implemented with much less difficulty and in a more time-efficient manner. 
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IV. ENHANCEMENTS TO THE USER INTERFACE 


The primary objective of the command and control workstation of the future 
(CCWF) is to present multiple "chunks" of information to a user. This information 
must be presented in a fashion that can be interpreted and reacted to in a minimal 
amount of time. An effective method of displaying the information is through the use 


of multiple windows, one chunk of information for each window. 
A. USE OF MULTIPLE WINDOWS 


Whenever more than one chunk of information is being presented to a user, the 
chunks are to be divided up into separate entities. A rule of thumb followed during 
the design of the CCWF is to avoid presenting more than five to nine chunks to a user 
at any one time [Ref. 4: pg 62]. The CCWF uses five separate windows to provide 
the user with the ability to analyze the available sensor information as needed. Fig- 
ure 4.1 shows the relational layout of the CCWF display. Each window displays a 


different type of information to the user. 
1. Three-Dimensional Terrain Window 


The Three-Dimensional Terrain Window displays a visualization of surroun- 
ding terrain calculated relative to the user’s position. To generate this view, the 
CCWF accesses a preprocessed database of Digital Terrain Elevation Data (DTED) 
provided by the Defense Mapping Agency (DMA) [Ref. 1: pp 35-42]. 
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Figure 4.1 CCWF Window Layout 


The DTED, used in the CCWF, describes a 60 mile square (cell), whose 
bottom left corner is located at 31 North Latitude, 131. East Longitude. The subject 
cell includes parts of one of Japan’s southern islands and the Sea of Japan. This spe- 


cific cell was selected due to its interesting combination of land, islands, and water. 


The DTED consists of a series of data points occurring at approximately 100 
yard intervals throughout the cell. This equates to a data array of 1,200 by 1,200, or 
1.44 million data points for each cell. Since each data point is represented in the form 


of a 16 bit integer, the memory storage required for each cell is 2.88 megabytes. 
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a. Techniques Used to Draw the Image 


Due to the large number of data points used to describe a single cell, 
the CCWF uses two independent techniques to speed up the generation of the three- 
dimensional image. First, the initial 1,200 by 1,200 array of data points is prepro- 
cessed. The preprocessing is performed prior to running the CCWF and results in a 
new, compressed, data structure of less than one megabyte in size [Ref. 1: pp 53- 
61]. This compressed data structure is more efficient and therefore allows the CCWF 
to generate three-dimensional images more quickly than when using the onginal 


array. 


A second technique used is drawing the terrain in three different levels 
of resolution. Displaying the terrain in this fashion models the way the viewer actual- 
ly sees. Objects that are close to the viewer are seen with a high level of detail. As 
objects get further away, the level of detail decreases accordingly. Objects that are 


far off in the distance are seen with little detail, if they are seen at all. 


Each level of resolution is determined relative to the distance of the ter- 
rain from the viewer. In the foreground, nearest the viewer, polygons are drawn with 
vertices at 100 yard intervals. This is the highest resolution possible since every 
available data point is being used. The terrain located in the image’s middle-ground 
uses data points at 1,200 yard intervals to form polygons. The background is drawn 
with vertices at 12,000 yard intervals. Generating the three-dimensional terrain 
using three levels of resolution reduces the number of polygons being drawn from 
greater than 100,000 to approximately 10,000. This factor of ten decrease in the num- 
ber of polygons being drawn significantly increases the speed with which the three- 


dimensional image is generated [Ref. 1: pp 49-52]. 


b. Coloring Terrain by Elevation 


To provide a more realistic image to the viewer, the terrain is color-cod- 
ed relative to elevation. To do this, during initialization of the CCWF, 
calc_breakpoints(), generates an array of 16 breakpoints evenly distributed between 
the cell’s minimum and maximum elevation. Prior to the drawing of a terrain polygon, 
make_polly(), compares the y coordinate (elevation) of one vertex of the polygon to 
the array of breakpoints. From this comparison the current color is established and 
used in the following polygon fill operation. The resulting image uses green shades in 
lower elevations, yellow shades at medium elevations, and shades of red for higher 


elevations. 


2. Dial and Button Help Window 


The Dial and Button Help Window, (see Figure 4.2), performs a dual func- 
tion. First, this window provides the user with a description of the dial and button 


box functions. Second, current platform status information is displayed. 
a. Help Function 


The Dial and Button Help Window is a form of "on-line help" provided 
to the user. On-line help will increase the ease with which the user is able to famil- 
iarize himself with the CCWF system. Due to this ease of familiarization, the proba- 


bility of long-term user acceptance is increased. 


Help is provided in the form of functional descriptions below a drawing 
of each dial. The descriptions identify what effect manipulation of each dial will have 


on the user’s platform. Also displayed is the unit of measure for each dial’s function. 
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Button toggles: 
Top left: grid lines on/off 
Bottom left: lock look direction 
Cursor onto course 
or return to prior 
look direction 


Altitude above ground = 
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Figure 4.2. Dial and Button Help Window 
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Help is also provided for the use of the Button box. Each active but- 


ton’s location is described along with the effect each has on the displays. 
b. Platform Status Function 


The second role of the Dial and Button Help Window is to provide con- 
tinuously updated status information. The status information, relative to the viewer’s 
current platform, includes: course, speed, altitude, look direction, look distance, and 


altitude above ground. 


The platform’s course is displayed in degrees from true north. Speed is 
in knots (nautical miles per hour) and is limited to less than or equal to 35 for a ship. 
The maximum speed allowed for an aircraft is 1,000 knots. Altitude, actually the 
height of the viewer’s eye, is displayed in yards above sea level. The altitude for a 
ship is set to a constant ten, since the bridge of many ships is approximately 30 feet 
above the water. The maximum altitude for an aircraft is 5,000 yards. Look direction 
is displayed in degrees from true North. Look direction is independent of course. 
This is demonstrated by a viewer who is on a platform traveling due North but looking 
at an object off the starboard beam. The viewer’s course is 000 “and his look direction 
is 090°. The three-dimensional terrain image is generated from the look direction. 
Look distance is displayed in yards from the viewer’s current platform. Turning the 
look distance dial changes the length of the black line in the Two-Dimensional Terrain 
Window. By manipulating both the look direction and look distance dials, the user 
can determine the range and bearing to an object. To do this, place the end of the 
black line on the object of interest and read the look direction and look distance 
displays for range and bearing data. Altitude above ground, in yards, is also 


displayed in the Dial and Button Help Window. This value is calculated by 
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subtracting the elevation at the point directly below the user’s platform from the 
altitude of the platform. If this value is less than or equal to zero, the platform will 
crash. To recover from a crash, the user must increase platform altitude until the 


elevation above ground is greater than zero. 


The dual role design of the Dial and Button Help Window provides an 
efficient, understandable method to display both help and status information. In addi- 
tion, due to the co-location of data with a graphical display, immediate feedback is 


provided to the user for every dial manipulation. 
3. Position Window 


The Position Window, (see Figure 4.3), displays the current position data 
for the user’s platform. Latitude and longitude are provided in units of degrees, min- 
utes, and seconds. Whenever the user’s platform speed is greater than zero, the lati- 
tude and longitude are updated by update posit(). The user can plot these position 
readings on a navigational chart. After a given amount of time, the actual track of the 
user’s platform will be formed. Another, more efficient, method of locating the user’s 
platform in relation to the surrounding area, is by observing the CCWF’s Two- 


Dimensional Terrain Window. 


LATITUDE: 31 21 30.00 North 


LONGITUDE: 131 10 30.00 East 





Figure 4.3 Position Window 
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4. Two-Dimensional Terrain Window 
a. Piloting Features 


The Two-Dimensional Terrain Window displays the entire cell (60 mile 
square) to the user (see Figure 4.4). Within the window, the user’s current position 
is indicated by a small red circle. As the user’s platform moves, the red circle moves 
accordingly. This CCWF feature removes the need for constantly plotting latitude 
and longitude on a navigational chart (piloting). With this time-intensive requirement 


removed, more time can be spent analyzing other sensor data. 





Figure 4.4 Two-Dimensional Terrain Window 
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Another piloting feature provided in the Two-Dimensional Terrain Win- 
dow is a line of dead reckoning (DR). The magnitude of the red line (DR) in the Two- 
Dimensional Terrain Window is controlled by the platform’s speed. The length of the 
DR line represents how far the platform will travel in six minutes. The direction of the 


DR line is equal to the platform’s course. 


b. Use as a Radar Repeater 


By manipulating the look direction and look distance dials, the black line 
in the Two-Dimensional Terrain Window models the behavior of a bearing and range 
cursor on a radar repeater. This feature can be used to determine the bearing and 
range to another platform. It can also be used to determine bearings and ranges to a 


series of terrain points in order to generate a navigational fix. 


The two-dimensional terrain is color-coded relative to elevation. 
Because of this feature, a user is better capable of selecting prominent geographical 
features to determine bearings and ranges. This capability is particularly important 
when performing coastal navigation in a region with a low, featureless coastline. This 
type of coastline would not provide any points to navigate by using radar alone. The 
radar operator would have to use geographical features that are further inland. Posi- 
tive identification, on a navigational chart, of these inland points would be difficult. 


Therefore, the bearings and ranges taken would be of little navigational value. 


Using the CCWF Two-Dimensional Terrain Window, the operator is 
able to positively identify inland points on a chart. This identification is made possi- 


ble since the terrain 1s color-coded relative to elevation. By determining the point’s 


elevation from its color, the user can compare the elevation to the chart and make a 
positive identification of the subject point. Once identified, the bearing and range to 


the point is determined and an approximate position is determined. 
c. Implementation 


The two-dimensional terrain is drawn as the CCWF is being initial- 
ized. Prior to drawing the terrain image, read_terrain_data() reads the DTED into a 
1,200 by 1,200 array. To draw the terrain, draw _2D _terrain(), processes the data 
array by drawing a small rectangle color-coded relative to elevation. Using every 
data point in the array (1.44 million points), generating an image takes approximately 
11 seconds. By processing every other point (720,000 points), only six seconds is 
needed to draw the image. This almost 50 percent reduction in processing results in a 


more time-efficient algorithm with minimal reduction in resolution. 


To improve the user interface, the two-dimensional terrain image is 
drawn in both buffers simultaneously. By doing this, the user actually sees the image 
form. Providing something to look at increases the friendliness of the CCWF. This is 


true because the user will be less likely to get impatient while waiting for a response. 


The course DR (red) and look direction (black) lines are drawn in the 
Two-Dimensional Terrain Window using overlay planes. The use of two overlay 
planes allows the CCWF to draw images of up to three colors on top of an already 
existing image [Ref. 5: pg 11-1]. The use of overlay planes by update_2D_position(), 
allows the CCWF to make changes within the Two-Dimensional Terrain Window 


without continuously redrawing the image. 
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5. Performance Data Window 


The Performance Data Window displays the number of polygons being 
drawn in the three-dimensional terrain image. This value is calculated in draw_cell() 
by summing the number of calls to make_polly() and draw_skirt(). Each call repre- 
sents the drawing of one polygon. The final sum is updated for each frame and dis- 


played as seen in Figure 4.5. 


Polygons being drawn = 


5000 





Figure 4.5 Performance Data Window 


B. USE OF POP-UP MENUS 


When designing a system to have a friendly user interface, minimizing the num- 
ber of actions the user needs to remember is important. The CCWF accomplishes 
this objective through the use of a series of pop-up menus. On the IRIS 4D-70GT 
graphics workstation, there are two types of pop-up menus. The IRIS window man- 
ager, Max, provides a system pop-up menu. The IRIS GL graphics library also pro- 
vides the system developers the capability of defining system specific menus. Both 


types of IRIS menus are used by the CCWF. 
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1, Max System Menu 


The pop-up menu provided by the IRIS window manager, Max (see Figure 
4.6) is accessed by locating the cursor on any window title bar and pressing the night 


mouse button (menu button). 





Push 


Resize 


Figure 4.6 Max System Menu 
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The primary use of the Max system menu in the CCWF is to provide the 
user with the capability of moving and/or resizing the Two-Dimensional Terrain Win- 
dow. By enlarging the window, the user can perform more detailed operations within 
the Two-Dimensional Terrain Window. By moving the window to a more centralized 
screen location and enlarging it, the user is better able to concentrate on the two- 
dimensional view (see Figure 4.7). This capability is most important when land is 


beyond the viewer’s range of visibility. 


A secondary use for the Max system menu is allowing the user to exit the 


CCWFE system. This capability is also provided by the CCWF system menu. 
2. CCWE System Menu 


The second type of pop-up menus used by the CCWF are the menus 
designed by the CCWF system developers. The main menu (see Figure 4.8) is 
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Figure 4.7 Moved and Enlarged 2-D Window 


accessed by locating the cursor in the interior of any window and pressing the menu 
button. The menus are defined in DefineMenu(). In order to support the objective of 
providing a friendly user interface, the CCWF system menus limit the number of alter- 
natives provided to the user. Sanders and McCormick [Ref. 6: pg 62] state that, "If 
more than seven alternatives are displayed on the screen, a person may tend to forget 
the first alternative before the last ones are read." To stay within the guideline of no 


more than seven alternatives, the CCWF uses a series of sub-menus. 
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Figure 4.8 Main Menu 


3. Use of Sub-Menus 


These sub-menus are accessed by rolling the mouse cursor off the side of 
any main menu Selection containing an arrow. Using this method establishes a hierar- 
chical menu structure which makes sense to the user. The user decides what type of 
function in the main menu is desired and by rolling the mouse to the side of that selec- 
tion is provided with specific actions that can be executed. In the CCWF, there are 


three sub-menus: platform select, visibility range, and change viewpoint. 
a. Platform Select 


Selection of this sub-menu allows the user to choose which type of plat- 
form is desired (see Figure 4.9). By selecting "Ship," the three-dimensional image 
generated by the CCWF is at a constant altitude of 30 feet. Maximum speed is limit- 
ed to 35 knots and the user does not have the ability to change altitude. By selecting 
“Aircraft,” which is the default mode, the user has the ability to increase speed to 


1,000 knots and altitude to 5,000 yards. 
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Choose platform 


Ship 
Aircraft 





Figure 4.9 


Platform Select 
Sub-Menu 


b. Visibility Range 


Selection of this sub-menu allows the user to set different levels of visi- 
bility (see Figure 4.10). The available choices are: Unlimited (default mode), 15 
miles, ten miles, five miles, and three miles. By selecting the lesser values, 
inclement weather can be simulated by decreasing the amount of terrain the viewer is 


capable of seeing. A positive side effect of decreasing the visibility, is speeding up 


the rate at which the CCWF 1s capable of generating the three-dimensional image. 


Select_Visibilit 


Figure 4.10 Visibility Sub-Menu 





c. Change Viewpoint 


The capability to move from one viewpoint to another is provided by this 


sub-menu. When "Select new viewpoint with left mouse" is selected, the cursor 
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immediately goes to the Two-Dimensional Terrain Window. At this point, the user 
chooses a new viewpoint within the window by placing the cursor on the desired loca- 
tion. Pressing and releasing (clicking) the left mouse button at this time causes the 
CCWF to redraw the three-dimensional image as if the viewer were now located at 


the new viewpoint. 


In 2D window: 
Select new viewpoint with left mouse 





Return to original view with middle mouse 


Figure 4.11 View Change Sub-Menu 


In the Two-Dimensional Terrain Window, the original viewpoint is 
marked by a small yellow circle which continues to move in accordance with the origi- 
nal course and speed. The new viewpoint is indicated by a small red circle. The 
course DR (red) and look direction (black) lines are also provided at the new view- 
point. The user may manipulate the dials (course, speed, altitude, look direction, and 
look distance) to change the images as desired. The user may change viewpoints as 
many times as desired using the Main and Change Viewpoint menus. When ready to 
return to the original viewpoint, marked by the yellow circle, the user clicks the middle 


mouse button. 


This ability to change viewpoints can be used in several different ways 
to further improve the effectiveness of the CCWF. These uses include: performance 
of over-the-horizon targeting, looking around bad weather by changing viewpoint, and 


viewing from the perspective of another platform. 
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C. USE OF DIALS AND BUTTONS 


The IRIS button and dial boxes function as the primary user interface. The 
active buttons function as toggle switches. The dials allow the user to drive the view- 


er’s platform around the cell using dial manipulations that make sense. 


1. Button Toggles 


Two buttons have been activated for use as toggle switches in the CCWF. 
The top left button turns the ocean’s grid lines on and off. These grid lines are used 


to provide a sense of motion to the viewer who is out of sight of land [Ref. 1: pg 48]. 


The other toggle switch, bottom left button, affects the Two and Three- 
Dimensional Terrain Windows. By pressing this button, the look direction cursor 
(black line) in the Two-Dimensional Terrain Window is locked onto the course DR 
(red line). The three-dimensional image reflects this change immediately. The pur- 
pose of this feature is to allow the user, who 1s looking in a direction away from the 
platform’s course, to quickly view the image directly ahead of the platform. The look 
direction will remain locked onto the course direction until the toggle switch is 
pressed again. When pressed a second time, the viewer’s image will return to the 


original look direction. 
2. Dial Location vs. Function 


The assignment of a dial’s function is made considering the frequency with 
which the user will generate that type of input (see Figure 4.2). Most frequent user 


input, while driving the platform, will be course and speed changes. Because of this 
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frequency, course and speed dials are located at the bottom of the dial box. This loca- 
tion will provide the greatest ease of operation for the user. When the viewer’s plat- 
form is an aircraft, altitude is frequently changed and therefore, the altitude dial is just 


above the course dial. 


The top two dials, in Figure 4.2, are look direction and look distance. These 
dials are used either to view a specific object of interest or, when used together, 
determine the bearing and range to an object of interest. Because of their complemen- 
tary function, an effective spatial relationship is needed. To provide this relationship, 
which results in the best possible user interface for this situation, the dials are locat- 
ed next to each other. This is a common sense arrangement which eases the user’s 


familiarization process. 
D. CONCLUSIONS 


The most important part of any system could very well be the user interface. 
The CCWE is designed to provide an interface which is as friendly to the user as pos- 


sible. This friendly user interface is accomplished in several different ways. 


First, through the use of multiple windows, five different kinds of information are 
provided to the user simultaneously. The wealth of information available from the 
CCWFE assists the user in more effectively performing his job. In addition to reporting 
a large quantity of information, the CCWF presents this information in a manner 
which is easily interpreted. This is demonstrated by the CCWF color-coding the ter- 


rain by elevation in both the Two and Three-Dimensional Terrain Windows. 


Second, the CCWF uses a form of on-line help to effectively reduce the amount 


of information the user must remember. On-line help is provided in both the Dial and 


-4]- 


Button Help Window and through the use of pop-up menus. The information dis- 
played in the Dial and Button Help Window acts as a reminder to the user of the func- 
tionality of all active dials and buttons. Pop-up menus, when displayed using the 
menu button, remind the user of features available and provide an easy method of 


selecting a desired feature. 


Finally, by locating controls used for input (dials and buttons) in a logical, easy 
to remember position, user familiarization time will be minimized. Because of this 
minimal user familiarization time, the probability of user rejection will be reduced, and 


long term acceptance of the CCWF will be probable. 
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V. CONCLUSIONS 


A visualization tool to be used by today’s naval officer, to assist in assessing 
multiple sensor inputs, is provided by the Command and Control Workstation of the 
Future (CCWF). The CCWFEF prototype, currently being developed using low cost 
graphics workstations, demonstrates the need for a tool which presents numerous 
chunks of information in a manageable form. This study focuses on enhancing the 


CCWFE through improved system maintainability and a friendlier user interface. 
A. SYSTEM MAINTAINABILITY 


Future enhancement teams must spend adequate time understanding the cur- 
rent CCWE system. This preliminary study 1s to be completed prior to beginning the 
design of any new features. Familiarization time required by future enhancement 
teams will be greatly reduced due to the efforts of this study. Once familiarization is 
achieved, feasibility of enhancing the CCWF is determined. Once determined feasi- 


ble, the problem statement and user requirements are updated. 


While designing solutions to the problems and requirements, a_ structured 
approach is best for future system maintainability. Through the use of a top-down 


design methodology, CCWF enhancements are implemented. 


In addition to top-down design, modularity plays a significant role in system 
maintainability. Modularization simplifies the CCWF by breaking up the program into 


small pieces. Each piece, module, is tasked with doing only one thing. 
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To assist the enhancement team during system familiarization and enhance- 
ment design, comprehensive documentation is provided. Documentation of the 
CCWF is accomplished primarily through the use of self-documenting code. Addition- 
al documentation is provided through the use of charts and a User’s Manual. Docu- 


mentation is to be constantly updated as new enhancements are implemented. 


Due to the dynamic nature of the CCWF, proper and complete analysis and 
design must be accomplished. If future enhancement teams do not invest adequate 


time in design and analysis the feasibility of further enhancements will be reduced. 


B. USER INTERFACE 


During the analysis phase of system development, the user’s requirements are 
updated. This updated requirements list provides the enhancement team with a 


series of features to be implemented to improve the user interface. 


The primary enhancement provided by this study is to improve the presentation 
method of multiple chunks of information to the user. The CCWF’s use of multiple 


windows is an ideal way to integrate numerous displays of data onto one monitor. 


Coloring terrain by elevation in both the two and three-dimensional displays 
increases the realism of the image. In addition to an increase in realism, data dis- 


played is easier to interpret due to the coding of elevation data by color. 


Another method used by the CCWF to improve the user interface is on-line 
help. This on-line help is available in two fashions. First, the Dial and Button Help 
Window provides both platform status information and functional explanations for the 
user input controls (dials and buttons). The second method the CCWF uses to pro- 


vide on-line help is through the use of pop-up menus. 
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Pop-up menus increase the ease with which the user becomes proficient with 
the CCWF. The user has less to learn because possible actions are listed in menus. 
To execute an action, the user selects the desired action through the menu. Thus, the 
effective use of menus decreases the number of procedures the user is required to 


learn. 


Development of a user interface that is as friendly as possible is a top priority 
for the CCWF. The importance of this goal, a friendly user interface, is not to be 
underestimated at any time during system development. Not emphasizing the impor- 


tance of the user interface can result in long-term project failure due to user rejection. 
C. FUTURE WORK 


Follow-on work in enhancing the CCWEF will include integration of a lighting 
model. More realistic three-dimensional images can be generated using Gouraud 
shading. On the Silicon Graphics, Inc. IRIS 4D/70GT, Gouraud shading can be imple- 
mented "free" to the CCWF. 


The CCWF should be able to generate the three-dimensional image without the 
use of a preprocessed data file. Making use of the 1200 by 1200 DMA data array, 


that already exists in the CCWF, will remove the need for data duplication. 


An underwater image needs to be included within the Three-Dimensional Ter- 
rain Window. The capability of selecting a submarine as a platform could actuate an 
entirely separate set of drawing routines. The visualization provided would include 
platforms that already exist from the surface image. Integration of the surface and 


sub-surface views will add an entirely new dimension to the CCWF. 
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Other enhancements include: an NTDS type display, ability to change view- 
point to a platform selected from the NTDS display, integration of cultural features 
available from DMA data files, and the ability to display tactical information about 


selected contacts [Ref. 1: pp 74-75]. 


The list of potential features needed by the CCWF is constantly growing. To 
ensure that future enhancements are feasible, design and implementation teams must 
always strive for a high level of system maintainability. In addition, the future imple- 
mentation of all enhancements needs to provide a friendly user interface to ensure 


user acceptance and long-term CCWF success. 


fee 


APPENDIX A - STRUCTURE CHART 
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APPENDIX B - CALLS HIERARCHY CHART 









gla, | initin 
windows 3d 
—_ 
lees oe efieseny setvindow 
update_2D_ update_ ding siscatta draw_2D_ 
position DOsition 7 terrain 
—> 
process_ process_ process_ process_view 
DIALO DIAL4 DIALS select 
— 
Clear_ ; : update_dial_ 
| men ne. | emia date posit — 


se 


clear_overlays 
setwindow 


billboard 














do_menu 
clear_ 
overlays 





relocate _ 
mouse 





adjust_ ; update_perform- 


50: 


make_levell 
make_level2 


get_terrain 
name_conv 














initialize _3d 








open_perfor- open_posit_ open_dial open_3D_ter- open_2D_ter- 
mance_wind wind help_wind rain_wind rain_wind 

open_bill- 
board_ wind 





.53- 
















platform_ 
crashed 





make_level2 


make_level3 


read_terrain_data 


name_conv 


update_dial_data 


setwindow 






platform_c 






a5 AL 


setwindow 


relocate_mouse 


setwindow 






rashed 






update_performance 


data 


setwindow 






process_view_select 


setwindow 







update_2D_position 





update_ 
elevation 


update_posit 


setwindow 






APPENDIX C - CCWF MODULES AND THEIR PURPOSE 


Source Code Files 


3d -- main program driver contains main event loop 
adjust_bounds -- updates cell boundaries prior to drawing 3D terrain view 
billboard -- draws title screen while data structures are being loaded 


calc_breakpoints -- calculates 16 altitude levels, used when choosing color for 2D 
and 3D views 


clear_overlays -- clears overlay planes in all windows 

colorramp -- establishes user defined color map 

DefineMenu (mainmenu.c)-- defines popup menus 

do_menu -- processes different popup menu selections 

draw_2D terrain -- draws two dimensional terrain map in 2D window 
draw _cell-- draws 3D image given current location and heading 
draw_dials -- draws dials and specifies their uses in dial help window 
draw_ocean -- draws blue ocean plane 


draw_skirt -- draws underlying polygon to conceal differences in resolution 
boundaries 


draw_terrain -- calculates data and calls drawing routines to draw 3D 
image 


get_terrain -- read in terrain data used to draw 3D image 
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init_controls -- initializes dials using setvaluator() and noise() 


init_graphics -- configures IRIS for operation in z-buffering mode; calls 
procedure colorramp to define color map 


init_queue -- selects devices to be queued using qdevice() 
init_terrain -- establishes terrain data structure 


init_ view -- initializes variable view, initial viewpoint when program 
Started 


initialize_3d -- displays billboard and calls modules required to set up 3d 

make_levell -- draws level one polygons in 3D image 

make_level2 --draws level two polygons in 3D image 

make_level3 --draws level three polygons in 3D image 

make_polly (draw_poly.c)-- draws polygons in 3D cell colored relative to altitude 

maxmin -- max4,min4: calculates maximum/minimum of four float values; 
max3,min3: calculates maximum/minimum of three float values; 
returns answer in integer form 

my_gamma (gamma.c)-- puts a gamma corrected color ramp into the color map 

name_conv -- converts input latitude and longitude to file name 

open 2D _terrain_wind -- opens window used to draw 2D terrain map 

open _3D_terrain_wind -- opens window used to draw 3D terrain map 

open_billboard_wind -- opens window used for displaying opening billboard 

open_dial_help_wind -- opens window used for displaying dial box 

open_performance_wind -- opens window used for displaying polygon count data 

open_posit_wind -- opens window used for displaying position data 


Open_windows -- calls modules required to open all windows 
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platform_crashed -- creates crash in 3D window when platform’s altitude 
is less than the current elevation 


process DIALO -- processes Dial 0 queue entry: course change 
process DIAL4 -- processes Dial 4 queue entry: look direction 
process_DIALS -- processes Dial 5 queue entry: look distance 

read _terrain_data -- reads in terrain data used to draw 2D land image 


relocate_mouse -- moves mouse location to within 2D window, executed 
when user selects "Change viewpoint" from popup menu 


set_timer (timer.c)-- activates system clock, used for performance checks 
setwindow -- sets window and current window variable to gidc 


update 2D _ position -- updates position mark, course dead-reckoning vector, and 
look-direction vector in 2D window 


update dial data -- inserts current course, speed, altitude, look-distance, 
look-direction, and look-angle into dials display 


update elevation -- updates global elevation variable with current location’s 
ground elevation 


update performance data -- updates polygon count display in performance data 
window 


update posit -- updates latitude and longitude data in posit window 
Header files 
constants -- definition of manifest constants 


filenames -- path to CMA data, needed to establish data structure before 2D and 3D 
images are drawn 


terrain -- definition of manifest constants used mainly in drawing routines 


typedef -- defines enumerated types: viewpoint, octant, ptr1, ptr2, ptr3 
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APPENDIX D - CCWF MODULES AND WHO THEY ARE 
CALLED BY 


Source Code Files 


3d -- main driver routine 
adjust_ bounds -- draw_cell 
billboard -- initialize_3d 
calc_breakpoints -- 3d 
clear_overlays -- 3d, do_menu 
colorramp -- init_graphics 
DefineMenu (mainmenu.c) -- 3d 
do_menu -- 3d 
draw_2D_terrain -- 3d 
draw_cell-- draw_terrain 
draw_dials -- 3d 

draw_ocean -- draw_terrain 
draw_skirt -- draw_cell 
draw_terrain -- 3d 
get_terrain -- draw_cell 
init_controls -- initialize_3d 


init_ graphics -- initialize_3d 
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init_ queue -- initialize_3d 

init_terrain -- initialize_3d 

init_view -- initialize_3d 

initialize_3d -- 3d 

make _levell -- get_terrain 

make_level2 -- make_level1 

make_level3 --make_level2 

make_polly (draw_poly.c) -- draw_cell 
max3, min3 (maxmin.c) -- draw_terrain 
my_gamma (gamma.c)-- colorramp 
name_conv -- get_terrain, read_terrain_data 
open 2D _terrain_wind -- open_windows 
open_3D_terrain_wind -- open_windows 
open_billboard_wind -- open_windows 
open dial help wind -- open_windows 
Open_performance_wind -- open_windows 
open_posit_wind -- open_windows 
open_windows -- 3d 

platform_crashed -- update_dial_data 
process DIALO -- 3d 


process DIAL4 -- 3d 
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process DIALS -- 3d 

read_ terrain data -- 3d 
relocate_mouse -- do_menu 
set_timer (timer.c) -- draw_terrain 


setwindow -- 3d, billboard, clear_overlays, platform_crashed, process_view_select, 
relocate_mouse, update_dial_data, update_posit 


update dial data -- 3d 
update 2D_position -- 3d 
update_performance_data -- draw_cell 


update_posit -- 3d 


Header files 


constants -- 3d, billboard, calc_breakpoints, clear_overlays, colorramp, do_menu, 
draw_2D_terrain, draw_dials, draw_ocean, draw_skirt, my_gamma, 
get_terrain, init_controls, init_graphics, init_view, open_2D_terrain_- 
wind, open_3D_terrain_wind, open_billboard_wind, open_dial_help_- 
wind, open_performance_wind,open_posit_wind, platform_crashed, 
process_DIALO, process_DIAL3, process_DIAL4, read_terrain_data, 
relocate_mouse, setwindow, update_2D_position, update_dial_data, 
update_elevation, update_performance_data, update_posit, 
update_position 


filenames -- get_terrain, read_terrain_data 


terrain -- adjust_bounds, draw_cell, draw_ocean, draw_poly, draw_terrain, 
process_view_select 


typedef -- 3d, do_menu, draw_2D_terrain, get_terrain, init_terrain, 
init_view, DefineMenu, make_levell, make_level2, make_level3, 
process_DIALO, process_DIAL4, read_terrain_data, relocate_mouse, 
update_2D_position, update_dial_data, update_posit, update_position 
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APPENDIX E - CCWF USER’S MANUAL 


The Command and Control Workstation of the Future’s (CCWF) primary fea- 
ture is to generate a three-dimensional visualization of a 60 nautical mile square area 
(cell). Using the Silicon Graphics, Inc. IRIS 4D-70GT graphics workstation the user 
is able to drive around the cell at a near real-time rate of animation. This visualiza- 
tion is displayed in the Three-Dimensional Terrain Window on the IRIS monitor (see 


Figure E.1). 


Performance 
Data 
Window 


Two- 
Dimensional 
Terrain 
Window 


Three-Dimensional - 
Position 


Terrain Window Window 


Dials and 
Button 
Help 
Window 





Figure E.1 CCWF Window Layout 


Pade 


1. Navigating 


In order to navigate (drive around) the three-dimensional image, the user 
manipulates the dials of the IRIS dial box. Figure E.2 is a drawing of the dial box 
which has a functional label below each dial. For example, to alter course, turn the 
bottom left dial either left or mght dependent upon the desired action. The dials affect 


the platform (ship or aircraft) currently being viewed from. 


2. Use of Dials 


The dials’ functions are as follows. 


a. Course 


True direction platform is traveling. The unit of measure is degrees. 
Course is represented by a red line in the Two-Dimensional Terrain Window (see 
Figure E.1). The length of the red line is equal to the distance the viewer’s platform 


travels in six minutes at current speed. 


b. Speed 


The rate at which the platform is moving. The unit of measure is nauti- 
cal miles per hour (knots). Maximum speed for a ship is 35 knots. Maximum speed 


for an aircraft is 1000 knots. 


c. Altitude 


The vertical distance between the platform and sea level. The unit of 
measure is yards. Altitude for a ship is a constant ten yards. Maximum altitude for 


an aircraft is 5000 yards. 


Button toggles: 
Top left: grid lines on/off 
Bottom left: lock look direction 
cursor onto course 
or return to prior 
look direction 


Altitude above ground = 


500 yards 


10000 


LOOK 
DISTANCE 
(yards) 


ALTITUDE 
(yards) 


COURSE 





Figure E.2 Dial and Button Help Window 
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d. Look Direction 


The true direction the viewer is looking. Look direction is independent 
of course. For example, if the ship is traveling due North and the viewer is looking at 
an object off his port beam, then Course will be 000 and Look Direction is 270. The 
unit of measure is degrees. Look Direction is represented by a black line in the Two- 


Dimensional Terrain Window. 
e. Look Distance 


The length of the black line in the Two-Dimensional Terrain Window. 
By manipulating both Look Direction and Look Distance the user can determine the 


bearing and range to an object of interest in the 2-D window. 


The IRIS dial box is displayed in the Dial and Button Help Window (see Figure 
E.1). In addition to each dial’s functional label, the current value is displayed inside 
the dial. Also displayed in this window is the current altitude above ground. Altitude 
above ground is the vertical distance, in yards, between the user’s platform and the 
surface of the earth directly below. If this distance becomes less than or equal to 
zero, then the platform will crash. To recover from a crash, increase altitude until alti- 


tude above ground is greater than zero. 
3. Use of Buttons 


There are two buttons on the IRIS button box that affect the CCWF. By 
pressing the top left button, the grid lines are turned on or off. By pressing the bottom 
left button, the look direction is locked onto the course. When this lock is in effect, 
the Look Direction dial is disabled. To re-enable the Look Direction dial and return to 


previous Look Direction press the bottom left button again. 


1645 


4. Position Display 


Above the Dial and Button Help Window, is the Position Window. The lati- 


tude and longitude are displayed for the platform’s current position (see Figure E.3). 


LATITUDE: 31 21 30.00 North 


LONGITUDE: 131 10 30.00 East 





Figure E.3 Position Window 


5. Two-Dimensional Display 


Above the Position Window, is the Two-Dimensional Terrain Window. 
This image represents the entire cell. The land region is color-coded relative to ele- 
vation. Blue represents water. Dark green shades represent lower elevations. Yel- 
low shades are middle elevations. Red shades are higher elevations. Also shown in 
this window is a small red circle indicating the platform’s current position. Notice 
that as the platform moves, the small red circle moves accordingly. This feature 


allows the viewer to know his relative location within the cell at all times. 


The 2-D window is the only window which may be moved and/or resized. 
To do this, position the mouse cursor (red arrow) on the top title bar of the 2-D Ter- 
rain Window. Press and hold down the mght mouse button (menu button). A menu 


similar to Figure E.4 is displayed. While still holding the menu button down move the 


ES. 


mouse Cursor (move mouse) to the selection (Move or Resize) desired. Releasing 


the menu button causes selection of the desired menu item. 


Figure E.4 Max System Menu 
a. Moving 2-D Window 







If MOVE is selected, as the mouse is moved, a red outline of the 2-D 
window will move around the screen. When the outline is in the desired location, 
press and release the menu button. The 2-D Terrain Window will now be redrawn in 


the new location. 
b. Resizing 2-D Window 


If RESIZE is selected, as the mouse is moved, a small red box will 
move around the screen. When the upper left-hand corner of the box is in the desired 
location, press and hold down the left mouse button, now drag the lower right-hand 
corner of the box to the desired window size by moving the mouse. When desired 


size 1S reached, release the mouse button. 


6. Performance Data Display 


Above the Two-Dimensional Terrain Window, is the Performance Data 
Window (see Figure E.5). The value displayed in this window is a count of the num- 


ber of polygons being drawn to create the three-dimensional image. The polygons 


ea 


being drawn are of two types: single triangles when drawing coastal terrain or dou- 


ble triangles, forming a square, when drawing inland terrain. 


Polygons being drawn = 


5000 





Figure E.S Performance Data Window 


7. CCWE Menu Features 


To access the CCWF menu system, move the cursor to the interior of any 
window. Press and hold down the menu button. A menu similar to Figure E.6 
appears. The arrows indicate that each item, except "Quit," has a sub-menu associat- 


ed with it. To select a sub-menu, slide the mouse either left or right and the sub-menu 


Figure E.6 Main Menu 











CGT. 


will appear. The features available through sub-menus are as follows. 
a. Platform Select 


Allows selection of a platform from a sub-menu similar to Figure E.7. If 
"Ship" is selected (by releasing menu button when desired item is highlighted), alt- 
tude is set to ten yards and speed is limited to less than or equal to 35 knots. Selec- 
tion of "Aircraft" (default) allows for maximum speed of 1000 knots and maximum alti- 


tude of 5000 yards. 


Choose platform 


Ship 


Figure E.7 Platform Select Sub-Menu 





b. Visibility Range 


Provides a choice of visibilities to select from (see Figure E.8). 


“Unlimited” visibility is the default. 


Select Visibility 





Figure E.8 Visibility Sub-Menu 


c. Change Viewpoint 


Allows the user to change the position from which he is currently look- 
ing at the three-dimensional image. By selecting the "Select new viewpoint with left 
mouse" option (see Figure E.9), the mouse cursor is automatically relocated to the 


Two-Dimensional Terrain Window. 


In 2D window: 
Select new viewpoint with left mouse 





Return to original view with middle mouse 


Figure E.9 View Change Sub-Menu 


At this point, position the mouse cursor within the 2-D window where 
the new viewpoint is desired. Once positioned, press and release the left mouse but- 
ton. Notice, the 3-D image is now being drawn from the new position. Also notice, 
the old position is marked by a small yellow circle. The yellow circle will continue to 
move in accordance with the course and speed which was in effect when the view- 
point was changed. Viewpoint may be changed as many times as desired by follow- 
ing the above procedure. When ready to return to the original viewpoint, marked by 


the yellow circle, press and release the middle mouse button. 


d. Quit 


Selection of this menu option causes an exit to the program and return 


to the operating system prompt. 
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8. Conclusion 


Through the use of a logical arrangement of controls and menu driven feature 
selection, a new user will be able to master the CCWF with only a short period of 


familiarization. 


ia: 


LIST OF REFERENCES 


Harris, Frank E., Preliminary Work on the Command and Control Workstation of 
the Future, Master’s Thesis, Naval Postgraduate School, Monterey, California, 


August 1988. 


Whitten, J.L., Bentley, L.D., and Ho, T.I., Systems Analysis and Design Meth- 
ods, Times Mirror, 1986. 


Kernighan, B.W. and Plauger, P.J., The Elements of Programming Style, 2d ed., 
McGraw-Hill Book Co., 1978. 


Bentley, Jon L., Writing Efficient Programs, Prentice-Hall, 1982. 


IRIS GT Graphics Library User’s Guide, Version 1.0, Silicon Graphics, Inc., 
Mountain View, California, 1988. 


Sanders, M.S. and McCormick, E.J., Human Factors in Engineering and Design, 
6th ed., McGraw-Hill Book Co., 1987. 


age 


INITIAL DISTRIBUTION LIST 


Defense Technical Information Center 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93943-5002 


Center for Naval Analyses 
4401 Ford Avenue 
Alexandria, Virginia 22302-0268 


Director of Research Administration, Code 012 
Naval Postgraduate School 
Monterey, California 93943 


Dr. Michael J. Zyda 

Naval Postgraduate School 

Code 52, Dept. of Computer Science 
Monterey, California 93943-5100 


Mr. Bill West 

HQ, USACDEC 
Attention: ATEC-D 

Fort Ord, California 93941 


John Maynard 

Naval Ocean Systems Center 
Code 402 

San Diego, California 92152 


Duane Gomez 

Naval Ocean Systems Center 
Code 433 

San Diego, California 92152 


-7 22 


10. 


James R. Louder 

Naval Underwater Systems Center 
Combat Control Systems Department 
Building 1171/1 

Newport, Rhode Island 02841 


LT Rex Cobb 
c/o Ray Hunt 
665 Pinehurst Circle, NE 
Palm Bay, Florida 32905 


ine 




















Thesis 
Gye: 
eal 


Cobb 

Enhancements to the 
Command and Control 
Workstation of the Fu- 
ture. 





Oh SOR SS BS EDF h! OF » KE Nhe Dries Madey Us iF ether Wt, Ap Hyp’ 2 FOE GLA CA RE go RG) Or ene “has 90 
(‘Ages Eee b bot uh UT bree Ai BIE RELA MOH oho Bhd Caltt «Hin O88 sey ITE 49 
ks Beh EAR BARA: 5! HOE My oA eA A My RP ript. stock tensor 9 Ay h-far £ ry 
APPL OOF OU RL Bond 08 hE ern rip toh Aoewanne a We af ty to WOM hee 8 -e aT 
bs aE erate A on oak, El. ol he at BA Mnhe A AI Ale: 08 Apt Aas bP -f49 hae v 
AF 21084 00 DEF Qohe hors Dd: 6.26 MOL. tae Arie te we he ee Oe eer eT 
ASHORE PO at ath mi, dhe! Safornk vendo bt) pStGar % daly Oty apa ob-6 
Bahra CEM? V9 RG Ral: 0 OBA. BL j ot Ad OVO Lead ¢ > TGR Bo big tahc ght Bldgs 
DOr Al Re COP BSD es ee RAMA Da) uadyy el 0 ve tee a5 fle ae 

g deamtsmenanangt hm mopes rece ale bebe 4.ta4t'> ee Ae we 





thesC5275 
Enhancements to the Command and Contro] 


















LP Et Hh OD Cem hn 59 4 Ow” he Khe, | Ee, hentia hs & bh? Ptnaeis 
Fad Ra hatches at teke-t ud ints® Sain Lal Maton Sehets Mh. OLD sat Met 
bad O} O98 BGM Re atndad one? ttt oh ¢ he BI) LAL. Go the oh Be LOMA, wee MiG pad tal st *2 G09. 







rcncccysttccaneet aut thn hae Ui Rekeedel Me 4S RAUR A Os. Reble Atehin4 148 ceed, tak ; 
a fateccnesepmrtracigpeirtor ote enki ass era fea Fak Oe eae Since & ate ty onl dh Daal 


WN AWA IIB man 
> ¢ | | 1 
mp PTH ny Teese ape <e LP AEB. id 4.9.84 ached o pete! hate J Sibeehe = a ee f; Sent eye > o 
a EEMOL HES Careaaten a2 oad dant Oe ert ia Oe teed i) Ce ae ee er ae © ve a: } 





hn MRS wut coeds ray Ca a eee PCS a oe er a ee ee ee 4 

eA OF em COS cra mr enti date eipione den nvesnntn whee telah tat real he iatrat Fe Oh: . Wn 

a hasnt tokiot e-Aad oan fn iX vee fey nh Qiy ee tere, er) 1atgts ieee eek Hd DIA Bale ce Koh ep he hel = Wl ‘ tok 

int wher shale to We. beta hen efahen sd Anipn sh Med Kates Jkgm Oh Ap el HET he BEER EC oben AbE 

met tatgenics one aati chee tacts UL Sheri icre tr ecericrts .: sc 8 pad Ot oi ayes Ot ty shor pPerr e+ 3 2768 O00 81 1 96 9: 
ore Bey Ant Rok 9 Gh MH ek Be ahs 05 DRE he bode od steak, @ 4.6.60 ge } Tors ok" one ’ D 

seth dengan! ety pr iree i Sed ae ah oh a oul wry Rabertyl chery pa bey : saya Preaw cana cate ra ene Be ear A ra D 

ict Oi Oe Pia Riaede Ret. Ca datt fot A: Os seetet OF ae fe Stade te ® ° Le ee es #0 M . O 

anzeet Rekarghel aban: halamenanchen . ts latak MossA Nations Moderate bese cdiditenrumes 4 nt in nde Pod ees . U D Lalas: KN X LI B RARY 

Aan Ba Bitte (nO aia Mose hstureatse asl: Pp 0st p14 © ins ht oheng eb ehe USP sl WIM TEG 0 OK Hoe mies gh OE! .¢ ! 


ae 6etmok p> Gal, Bye > OF shed B90 pt nd pet PARRA Rinne, rt Pips Mena oe @ Te ban 4 Stes fied Rha Bt 
a Be 
. ee ape terete gat hah s Ra hBhigts d0° Beeb Stshipon caobaye henamas ane eit L trun hot oty 






















































































































































































































































eure bested Fs tanh 8 2 we E oc AB & otc oot KOR Eo Po heC of tin 804 ‘ 
tate Botton atone ch eee ee ¢1 68,6 Rion Ae he Ae te 4 Sah each aD ora met of eae Yet - ‘ D 
ee packet, Moet 4 wees 28 Shel ee hot nena O25, 8 8 A BOs e ‘Ain ¢. & on: 4 ¢ A BALE RAMEE We Ais &:f DP Site ed te? Ww ’ ry 6 ach S078 . ’ ’ Pee F 
sree yan | nal pres n ye oF pe RRR AR BA ee beh 4h oD peor 0.8% 0. 0 gh alge Qohe DA Rhee Be” hae DS aad, fake i Fal .@ 41% Ho" o : . > f , 
ar ies etl re ig (cme aphiore tty i> gelis Pte doflot hae shay, be, Pitt ee een) ee) Le fotki toy Se ty 09° ° =e ? “sae Fas 
tans Nomesn'pe aleiiaciea shots eastatil WF aps bien bub stip ants en Gee aria ed LEMS mat. UP archateds ae ambaShhr“e Ae 1 +4bh.n',to%. Las oe be 
BB, FR, ew OAD gf cb aod ee Gr HALIIEN H hb varia natie Aaph pn ote yt siieat es PTL See Ty ie ee whim fe ee AShG 4240,0 + ott repel Boer ot 6 BFS. %0f LU 
NP Bee oF wo © oH Bl Atgadio & Aodiatd ost hot aeRO Attias 0 Hy i PF yed AES a ODM oF. tT ee Peltriod afer» aan ity) © at BS o Ast ? © Lebo beh CeRch-B A Gee ® a4 Qe : : : 
Ds ota vs incen Alte Redon tg teeta A darth 6 8G ot 0 oye ins Kame Rh Apt ot Bedi WO8 hata ht! Vahitug Aap ied tel, f @ #5h.e Dalatnlesf batoae © digas 2 @ oped 4-0 bik 2° as ' 
“i Seger Fore ee +404 anbkclmiel cen sn nae ob Bite mks Sy ie othe Ma tinbeme betas « ALEL - eralel ey or Os of ding hie! yuh eirtat Weff A bAatee #, t 3.8 é 7 
#)- Bros med “ae Sor ae pater pee fe oe reek ho gat Podtd anh ole 9; er Met or io! “te 419 @.) Calne etimert® tayed ba€ eae « beh ot ‘ 
ew eee Ne aratoncs od qhatsd ago" OUT em shek es ve li ze +34 Rote Scare poe oft ims db. 008, .#,. Re ona teh Awe Vid ebra° * Of oho bhoin re 
mpaant state ame ohrtn tani iad at ee ee ey Pe ~ 4 Pad etek tn enty AO enh! CAPO Pabe gor aE 6 & Cefarct &.neede ©. Py om - ‘ . 4 
aE Pp Re Be | pee R ol pee he gh A tee ALR | fade, seata om Aue Roig: re aRPGM eo? bter a Fats . @.96tr 0, wh af Rot aah , s fe o¢ 4 s 
LT Oe eee a See Ue ret nate neh PAT paints Ant nt S16 Parerrry.: 2.008 OM beta Adee & Fofp Rees Lodge . PoteP- © 9,0 @ Ash Mud . ° 4 
pore pared ein aimee eon Gr ep prep rs > Fr igtagye et it ee fee ae tebe Me tae © rei oy ear Ti Per thd: os oembrenth Ra fity Ta ‘ r » ae Sida x oe 
mR ape, Ape dee am & Pr eaeeee at. eooaesterer) 6b.u0 d PPA EPIL Wart. 690d! He ead Pi Wy hi oti D—aseoPaleod Lohghhs byte Se tahol atts Biv > _—— e a ’ 
8 NEAR Meh Pritt habitats kee qeWeditgnre bof Ye my Sd MOLEM SELL» 828 Lisa Hib emt Uo ehaGh ROA CM bate phe be! ate a nele.b 8 te ong oh 4 Sogbx* ote tal. Rot eg. A . * 5 
og a2 6 OR! fees rth dre fe a meer PART B IAT HypoGc het Admob 0 heh feta Mer bh eC Lane Folks Wt.e aah s fe OE ted Ahr’ eat n be 0 «67 t ’ 
ee a ad ie es vit 54, bee £99 1G GY Pr Sera? Ghats woth 4 Mb edi Moh SOT eo) DOE RM, KGL slo® ' et a b 
aisha Rant oars Meoanmsard.aatticee aitehete beri PATA A. Fob choot ath ULAR rls AUF 4 OG o) CLADE EL 9 8 oe 4 Q0 00m. CHAe 4 O he Oh. Mt -@ oe hada oe a fe : 
oe! eM Le wrigelly ta Oph ema hp hs Fe tate ahsSiharioXal o Weottbta 5210 04,. 95 Mp Ol awe Te oe ee re Pr 6 COL, 0 AD LASEDM Lot peck ee Mh me tet fa8eF Be aXe e's". sve 4 a 
Co Pot tn® OF 6 ELE KE HH DED cee! ee ee oe 4ilietnt Ce ete oe ee eee F akrac AK Be eagerness! oP ohans foe? €L° Sut os 8 fom Re ‘ Cok eo Mobs ana 6 we @ a ry a 
reeatakenn vance acmAchniaa teres bmotiey Oe car ahr eee Sopra fron) alge h AGO Wet ad cl ete) of fete Br GPF act Powe Chat beal sb mtes erhe cong ft 18 Morph! . 
Le a oe et ee ey oe mone: ae et faa ls hess DAL, UP Deh rest ORI OEO bo 406 ret ON THM COSGUINUPAnPOR OOF PL be 0.158, % | #e ‘ book . .  ¢ ae > 
Pater Re® PIR.» CE hotest 95 Th OF 4he eORh Ot ay Sa lets fy satan Bha: pmtheti frre ret, 0 g* Ale teh a'r Pr ah : br HeitR's? ated “) Bharorer' wet M94 oly Toph MAP fon - . *» 
PILE MOO 6:07 hy 0h, ithe RoW athe, AAO” e, aap uckiaite anal edahyah eae Ce abaaat Gok oh Oebs, DG! ty hee! 2 obented et Sutt éi Pateeshie 4, Cbsehbi mn Sado Mt got stent & : i ‘ ’ 
APH att 00 ph oh Wd n Yih) meee don tlmins ho ginto Gey Tet wMe)+ ZAfn ys ADSM TEx AE AE ohg tyeh op, "Fae Urge Set eineaeh tag i 8A Wd Ip! t.Gopis 2 4 . ’ e 
fh: ert lel 6. Beh Bate Hh mee de 6M di. Aas carpet jit Armiaonia 101: 5 oe bibentg Bp hhh WE Pile Ch adh 16-0 ld OLS Eo Tre PDE Go Wy! PO te £4 .b-4 abniath ieee 28 “A ‘Abed be 8 
Des batgdins vase tented od tone ble Amiol on © sraderr a! aio ted Reqtged Lately 25) cages ia cserione 1 Ele F ghar ghh pth ete ei tabs’. 0g? ew ft 2” 8 # aren 39.8 
08 LBA Me fia, Dat OLED Gan At, STD OK pl pemOAS Bs Mal « oe sae -ferdoaetg is 2 ihe wis SO0R8. O28 Oe haere © fegset & 4,3 0 8 Spub- 08 7 HA RGh Bees Gehety C0 oh Me Gbet A 7 ® 
—— snatiots yp eel ade berets hmahivhn ent 26. GM Ebimhias Ladd ot aaagntegs OA Phe ey aa” 4c F yee £00858 ay % A Wr ARe nef © Hy Qobr? © Ff 2,'. . Lad 
tude Ronitatanehe Maken Reigtenenpactenstanpan’ nes “plead pe hs Pid a sonnets tot WO ObF ches Firges ae ore fate dee FE LMU Neha @ shat ated 6+ Set FE Lot Sag 0 
ela ph br meer he he ote beep as t wt ehh ty Dd tag hats Helge eoobgh sates, fe ae ean" athortt wegor ads’ fete sf A S$ desut-® Serb iF i. 4 
tea e seas welt St Anat riph 6M teats, La deed Aha eget a is She ton pop! phe AAD at + APSE “wt. . 100 SO Ate ntye’* Oc Bel & opmor @ 8 bed 64, 64ER ee 21d AD potest C oO o 
eee Chee eo Dippin at Oey eee ee igh hi Oe ob Zt | Pee oct wae) wt feed 8 oe Ot oinfie Cael B aoted e.e.g.a. 8 % é fei @ Abo eve fs athe = as t 
MEIN Hine elas safl- hots beng. aed the A¢mytaraneie, 64h 20nd ehgveenl Riehues cant fsbid sin is see. atta Crea’ oh) Rar .ae 4°, 5 ce fe Mgnt Ola ME os ° “aa « f 
ew TM, pany ar at HA 005 eet we ee op oe eee eer ee et roe ie: Ape Ae ro Pe ee ee ee, te betel ne a as o> @ 
ete =o tects retin bya chan hiestpn. aut dg tite wf Ag hails ® to Reh SRM AMEKE Ewtmthe SAE, or len Rs) As ty Sota t bet Mal AO B® Ate we +c Bd6g pte” gh here Fa? ‘ tat ‘ _:* 
Phat, Sistine si ehame esctedeoneenean, oop ah ee am Ae at nba asa ge Riel fg BA 6 ek tg be al? oth ip os aie « ofp ten Aco.sey + © 8 aute s Ade 0, 8 oy ote 8 004 
De Saban ark ne ask Barat eC a hgh byt Seuss ury w eeese bee BG GL ee OAR GIR BobeOi PMH 4P 6 8 F Be F tobe S 6 ese.s «ms wae 8 ae ° es as 5 
ahem. bee pet pew lately, + sagat sg Le hes Sel ieas, ergnly fF metas f obdee fs pba $ Parsg a *qbilieic § der # £ts od 
Pe oe ern As AA Se Pagel 4 he Ant hon Bay acer tr Fe) 5 ot Far Ache Ph sig Fo ¢ 0 Batyes od dae af ‘ A ed tb aef a we Pr " ° ’ 
NOY wendy Kiochebe ed wataltonges cw en 23 hanya i bt AnAbrahineh 405 CO a Pee LT Hi "s Gok oer hht bigded w 1. Beh wtp a otf ter va Rm’ 6 be € U4 aon Fae 4 
Fae et or VTE akin Gx eon ty ht ondd hat. Gopea lds et: rad =p? pnisige's ee ee ee ee ed ee a eee ee He PLE ew ¢ @ byt hike , 6 oon 
Sela tdh wel etalk Lanta de Mysttieae’, Siabot bie abihe Bt DS is rt 6 Sottgs: pFtl ot a) orgie bt ri eie Fh yan ve! & Morey 2 ehicesere a*' i « ome Heed 8, ¢ f ‘ 
Doh a ee ee ete Ree ALA ae oi te Oey Prats sa Nia. Wad OP AAs ty here mae SE ATK ogi, al od De @ Te ot ee 4oe tea she 8 paws as . i 
eres etn hans daaierobats pal ns dfasiavat vid stiniacnedvoaen *} Cee ARM NA Beh fe tn 1 Fpmet 0D! xa near giant. 02h se 3 Prep: js eka ot les A enir te, Odbe ae st te oft 
2d Ra tate Finch thee, santbhon hen ar et SR byt ar pas Da Pee seep et | oA” of thle Ciesnds rgteb (stad F fee ot, an MW yteess ere. Cu 8 6 OB wet deinS 8 oe 4 .* he "6 cdi * 
“ee! stavehincat ip p ntaheycinnntettoacgnists Ref ob 6 weet po. dows ilies. ae, mile See ey ie bee ngs af es oe beter det) xen He 2 , “heres self ar) Se a * 6 bese - ote, oat 
ods gener saw nh abecbadine eon. CR cee ye Oot ate mn al. ba cents 0 ote ‘ven .ctabsle ara ae 2 72 0 058. 5 Hat ered aamgrerst # “itehacror ' nartye’ Petat 6 Hoe . i go wsig ’ Mr ¢ aoe ‘ BS 
rigid terse ethane tne tee - a phen © ets ned A sahadabrs-endhsrrpeot af gs 2 ok tata ede alee atti gttted Ed me Matton Patel Apt a* ,o e* aw rt Pet ity) ao ° Pi a niekis @ 8 
te Pulehtel it tal ead 10 pl pied waDene.' BL hm... Rewtiel Ox, wehores FrheB i tr Kg he Ser he tiet, AA APO CLO ot eres! eo athe OF No toge t ah yar ow "4 * Bye: Seaman) ©." nk Soll 
Petpet 0° mie d es 3 fear © El ge prshwtin orgdianp ity 2 pe Ble Ved at aher gun teAW ofeler top beh Ait > EN aes a Ts pa Alm pac ‘ Se see +f of one) 4 
DV wheatllnn te wdinns Py adie Att top tiehatiet oe? se fy gt onan dy so wacky thie ?bht 10% Rom bghog ec oir goal b- 0, deo utatte & dee t + e 4h Smog aot Me toe ONG © =! cerns OF 
Seg haat ane fas cmnig neon Perr ey a Prete i 28h ~ oa? Ut mon © Pog eit ant Beat ot use Oe poe ade este Mate gm oP O15 879 Nes Fader / “8 acee ‘ 1! nee ce e e . 
bs abe ad atin a) eatin aA 1 SIAM Wu's: PH TGSE Foie Pate’ » Suet diea ra bee vie ine Pt 6 & Pied 168 vo Soe bab ote wom it Pudi Ine® 54" ea oS * + 0.09 CIDP HO YH . ° Be*ne a 
gt = Mares + oh 980 40 ott. tdissa ©, Sg Menthe t. 4a bed ot pte é abbot . Se d ae hk ow re ’ as 
tere OF ad: apepegt dps =f Fate ahiahiOee. a a whey LOR d ee Foe hah pee? mE | tak whit ony . ° : re t's ae . ' se - 
of herrea 9 Tyrant eet Sieienhr s aad OF nk cle igh yr bet Sone Bae Rye ud 2 2 ‘ ‘ gh othe « ef ‘ 
ta ¥, O° aeeig: AOD dne Peet eg mr tous ihe Same BIE ghar af by Prot fi a bts f eae ' ip & = = s se - 
: Mare Vie tetih tends. d abatiPae nid, as bee Par ahanng ef ated” Aatdon Aided yt meal he + Jen fof ‘ 4 
Cer ri fer eg dra sae tebe bas ts de ti oPidiol Anliarol seuh Gas Rhy als a9 pte e4' 2 ea he fs 
abe rraed olan biter un telmaré inn apes “m8; a ae feta ye tagcat p ohbe gelbe n -woehn she Susy LF le sade ‘ . ‘ , 
: are 2d cn Wh > new eMn Ad) seri hiat hee |? meee oem dd shed shesesin aw, we oh bh Rotor e Wine tL Ph ad A ieinl h eK eA beer oad © Ef 7a aNKUe tan 4 teh kt «e . 
at ha at den aed in) Paw te wae hn wets ® ae Oh dopey > ote ba ann iciedcinds Be Kemal pentgs ae ® a17t %40%s A mf elf as ra 1% 7 U = 
1908 On a oF gina Sherer ¢ anit Gipemht Re yas egh oae Sebamed.) aa iris lsber vee > Ce ee ee ee ee QED colle g * a bem & ae 
¢ hat ares A whip Abe ere oGoAD » A eedery thee Wigs oF KEP os AB 114 Wiel ad whe  gsenger' weabehpod A ABere op 4 ” @ 8 ole . se § 4,8 ope ° 
Pe tae CR OK atoms po” led Ghee ed ANE, obo onlean ys came Loud Pas oat ne gtd af oO sGrtqnmes fs aadid us * ae e? ae she . 
ahead ES pkte tab aehe niet Fa S 01 Sd whiph eran Be? i Aage nd shetgas af edad otNé LOTFI 7) ged gs ong? newt? © nt ahid pres, 2°T4 od ar wer . si'@ « 
fimadte optrnw Wis in nD atimonh Saw Coben nated é x Ys ob al i fir oe Pog Leyie 94 -7°* eo isas ae a > . a oY 
‘ ad Aiie ey 4 balpratio cabal: gi Zap +34 slo a 9 be 4° tof ATs: Fb 8 1 1 Ol > . ‘ ' 5 
See tl ee eee me 78 tiga shel od AS Fowl ve’ tune awe palv **h Oe, y 
Nemmtlal deed! ee tel oy Laled ple Pee, Pee re | rib ee aa si" td - les tee * ¢ Re 
BL ETE Bra abd ie ore he * et Lesiactor at Pinta ere oe eae i¢ Cm + qs . a | 
pydi,y fg es thar Py ' . . ° * ° 
ae ot et bat sd aged? & of! Fed. of tow #oulogt « G’ mee Bue? 4 Yop Mel ae od ae dl 
yaaa. fagitel ie ph Ze, aks ig # Seen .? 3? $ * , 
ba qi eke ttt sein dae 0 Ut 8S; “ + 55%, 00 “fa ' rey a at: Se 8 . F eed ) . ° 
Tins Fae aby Rhee ob enldindigns “Fier y pitade p! s oa» # 
St pascdiod tod ase 6 at Re Md shomeh gu ‘ « mw 6 " - ' 
48 4 rr detet oa ® he teeter 0m! tyes) Ne, ood not, es fs * es 
am te 4 vot 4 gaad 4 ° os 
tate Tye 2 doo gel det sat °> e-4s « “haa os te ahs . Ps Oe ie 
ap Wastes cok acter rere wai oF US 9 a's oH a 8 e*? ahr ow, gates’ te mts 4 rr) © ° | ‘ . 
mec Lh cbecek ony: ae oe Beh ay eats Feit > pat Larner af A ahdy Fes Bap asl ons s 9 ae eur a* <a sete e 4 3 A 
benches Belen ered, Pe a Sail oe caries ye ales yao, qhe'l Syetk Pac a Py is. eeeseth EPS | Ages Vee A ame ce ry e. 
hasoiern Aa Pont ones’ oak badd i ) a Se tu ie a piesa bee os. watan #44 » Lakes med gr$ar Oh, “Ze pm at ps Deo Vor ut Mgt ar® aw 40% 08 vfs ayer ‘ i a? ‘ 
Je otha rirntr Pir eee ira vate a °areta dd Tye Riek Ar ehbedsa © PRPNS Fig tas as as ah Mol * WS Oh wets Oo Fs ‘ tian 8 
1b ta Ve se j= * dns Uren sat > weer’ vb bo 9 tnt wf % ea tat th? 0 hd Ie age pit ote aa 4 
Mbt 8S ye Ae ae , Tan, a a ohae th gms te4 dan Leet oF € ots ah ecw ‘ . ° 
alta a Ad IRM mite wi dit de wi peer art iy bain fF FO Boise 40 Dyes ae 
Fat EPA SW ace Sone’ "Paha Met -ke wns ier ° as ae PROST WP aP oS Le ¢ 
Ssh ee are ise AREA) Lis ence S pe LO A bret Pate 
east beet Peete ee CF ~ = Sands. ata at a G pes ab pheutel 4 31614%0 a, 5 
hte Tagish eee z ue Hogi eat aedeee tate ty FP 72 18 Pad oft te 920g “30 ie r ‘ 
ipa ad Be ES A panies inate ARS ot Mi eye pejeads Lit Sent ee 
Fins e'ptas toe sara ao He bet a rates Td eg the laast ae : eave ot tm so obeetnsae® od! ee 
eu tty Wha DLA as > BILE de Rete, ey 2 Aig é he aa mae 1 Ast ALSIS. Us 0 2 es 
PAS os SWANS Soak « VERE ed Fd ore F* ai tahiae e 
Fil wih my 2 <oeineer % aha key obiaae as TEVA me vie -° Yee Am & Sess ¥ . ns z Pal 
rae ‘Jue eS . eee stas ver: cby beg oh Eye > © batehaso tm atv egies ope ec .,. = ‘ ‘ . ve 
aes i ok Tee ae Tha: ap MS eet O; Vikatan ie ¢ AS ‘ bib,0 Poe Somme dae kane f sgt) t eee ° o Oe * ; . esas a se) e 
Ne as SJemniive® oes Pate aad Pik nd Alere Us “ fay rh Serene 8 wes ah <mie o ie e 0%. a Lhe e L 





Vea Ae Hod ge ben ANOS «Sea tadiosiS. NAY 
pee to nd tard + Does Blah =p ond. 
ed hee rh celginy che "ad ae RE eS ex te 
sta oF aaah 22, Lae ts FOr Ai 
ay uted: 29 Py 8 bak mie od HTT eS seat 3 
vn yaaa a mA oh 
Pas Sirs etet Hose ahah 














ait wt aah o'sden 
ene Soies, 
















« 
‘Nt peered ere Maks 





















d 5 that Hes Ee) 
a hs ui water piaceys af i* 4) estates seeps yys a3: Site Wile. BK “Nahi is 
eee #2 8. Rtewas Sr baDAat 25°F BRIS eles, aay pee adey we ¢ 
etic ob atc i US Gets ETRE Bis SSN. ete ted REET VE i 
"Eh bia hoa Leer pees tA Trew Baba oa atta tk aoe 3 Ws aire WAY 
res BS. 75 > ‘eon? fe $e Waste sk® tat erties 447% 
ei HEC -og 3st = YPey ost erie tee bn tape: ‘ 


















Ne ROEM MYT OSTA FB. Pyles 
se ME ENE INO. Be OMY BEAN gh GEMM, bs oh 





ed iets . 
PRR mai eds eS 















































































































































































































































































































es ty 
i Ake a9 was? aye 3ay HS: Ins Fs ‘ at aregh YS M4 Le * . ar aa Mh : yet 68 ae 
rT MINA SITE ws | a Neo 3° 2 nae yne st vis iit 4 HE aoe : ats He aa ; ‘ HS i * ser ¢ Aghe ‘ a! ar 
rae yest ouSetye jyes sh} ry ¢ WG 9:3 SET AM, 4 Ye Wie Mts ah, ° a’ ie eo ve, * ° ) 
ene avy ey Bs sMaigetig! Wigt MSS in i's ae ade a; praes | » dpacta’s. ‘ or tar x PY ' regt'e ' 
pennies Ages. rh Me RE Babi ye Ree med eee eee +O a fr, to ha ote te see 
hater Ne td | nba 98 be set 4497 yF Me pat waw\) OC Grmane oye, Maney 3e ayy » m4 . Re . 
qn" eee rym sere se y 3. Ee a jete Pes recat § a ME wee «ME me, atl Mgtaus < vs ‘ 4 
ws : iy per ee a PRS, . D2pee AF aS B, t/a se eo fate a a“, 5 
pune REY Leste res sok hha Sets es eA ae it) tn as) gy Sz s . s* RYaced ose ye%e¥ se 3% we _*< BY . ae ae 
Ph ars ed he ayes SARE SPACE LEMS Or) path » apes ci bel Tho a SURe Ye bey . ef . acu) ine Sipe P Fs yee wD Aye of", mek ‘ tery ‘ * 
A Es ed NEN REP N SUS Mire, epi pee ayy 2 pm ynaa: Mw eke M2dey 264 8lh Vi tthe: Rete oft iy fate rage. gi ah Peete se Se.8.4, 6 $ eo on ‘ ’ 
Ns Sissy ere 9° 2h: ay stably cae aes M iiey rhoen | wh mk yada ik eas 12hePl ae 3 sShaee 7 “¥rer "¢ °° ae a 4p Wak week elegy tye “i a o OVE 6 : ‘ ~ f 
ork? hee 93> 8: sya 3712" Sat 81 ASe OF ihe LOT a Loe RAPER CAL) Cee ry ms 29: an Lait A NIMege be CUT fk o8 Os, ee ' . 
Yh rae opt Beans aes re! ue 73 tbs aor t dy'6 MPAs at re ege sh Ig 8 ge ous est te® Cary vate: owt @ + ites, - ‘ ; 5 ‘ 
ae yee zh} v™* wears dyieie Sie SAle cw Dyes ene sHett Fates ins Ag 3 ote yc % ee ° uc) ' of e ° preg, o 
fase OTS ahs whe vstety Frwy ete wer Payer ys2h> be: baat res ot Sy: dratys ett te yard re hyteas . ay. 4 if ¢ 2 ye os, 
id ie Te a ee oes *etad vee ie, Sastek : < Sajetyte Sa Pet a4 4 Fae are NG; aus ", a By i BES: <* 
od be Tut weal ety ae afar at pte be ie e+ FRETS acd: te ey “ omens” 8 854 
va yen yy eth ara nt 4} aay: BE trees Uh . “yisae: Fe) el oh ge Teak ‘ant md Ped . iether aS ac Bree i 
wea, ah owes me te Werke Y UNIS 2425 Tie gna 8 ae FEAT te CAB ae) \ + F ae ; vs 
yee! w ee afr ery’ ef. S eyseeeers “aah oe Ty vi aCiy vivre bt a ats + Be s hy Os ehugs Aap zs ae eye *- . ‘ a %, ', ae 
the ch mage iA caehsoe nore. 8 Be ea ae Ay nye Sty, re ime REN eae ae » ay y: ° ee 20.6 8 ? ir . q 
syiei yeas pe eestewgioryry seente'® § Petey ree Tr me ce tatire ter wet at, enfas Be free weve », ‘ 
oe FE) soe ocb? ras dete » RISD LS coalael Mgt Liles Vitares “ald PI si, Us iiysys a6 148%, ‘S: . Sal wa te Ciga : ‘ 
~ ms Perera Si PEP te | 4, pa es ch Tver BRINGS EG ig plas | wing! Sais e° Pa cL epee 8 ‘ *g3e% , %® 
vine oe vine mest! PL Py eye He ye wh sey 1) » peiitsare Ure 4s %,' wy as +N. ae Ore de of ‘ e «8 
Le Oe ay ne SP caeesele erase, “Re Pi. | Bette ots ecabyr ot 7 a Ae qe “yl 4 aj 4% Sure te s? . 
Yee yrate Ww hepeet We ye ey Boyt ity Wash suaNs oth. a oN tt ¢ forarae ubCnr < % ' 
ve mre ete apy ¢ depysaly* Mes, Phat vit Lee Muse Setgyee Tt) “esp 87 Ly t ahd of ost, 9 
vere Dyce ia hy e a 4 tr et ar Dh hae 7 3 a a Saye ¢ Abas ie Vy qi AW eP use ge. f¥ vue bead oe ee KR, * Sa” Bufesy . a wen 7 
serra y' i Bare or'gre wera ghia poorer de Ue “sb “ste Tun, age 8 a oF yth Bia kay seek 0, . wd »¢ ars é a 
FAs Toten nt are! EEE Ee PSOwEntes iryty, ue Phas ‘, ire span’ gerovee venedy 2 fod xy ! 242 yi teeaiae ; te 6 . ° 
940 0 epneg cepaael at apep ine Ayery VMrer ery? oe o's sterar fe. CQ Nearest y } * . ma oe ¢@ *e S: 25 « a 
detntabyd neers gntin y8 stores PHvy x oh omape wy or) “EON ae ¥ e 4 a ‘4 
hk Bee Gee D a tq Aas sem we 6 4 sete y ary peel a? ‘ ‘ . ‘ 
a” PY Fuée a N33 HOE}: a 4 by] ° Py al ao e *4 
at ae uh apat fare 7 SPP eH a ‘ e SvsPsue ete « “ 
Mitra sine rt a yy! mea ba |} ba a a dae thioce 8 ® oft a t 
‘erate 1 taf wt th h Bays qitipheny ple l egy ‘ wi ot oh t'e « ; 
sae Eien att yee t eof ue 6 ryry és5 out i y ate 8 ‘ : a F e 
Mae Sapte ah Y5 Sees Stary ing 8 pee saves oF isuag* : 
lala rep s *gteteny syesee nN 4s ‘ , 3 om f 
ae eyes! 3 aes fei @o0 ye fneenats de Mawittyts Wi okerwys el, a re BP 1 
: Bisie supe taduse! hal id eA a | hte (Spee tye von tie 4% « ; 
fee pits steverpenre Ae to cazsh eee pt olky me) P e _ ane 4 > 
be yt P(e Eo ePepurerqus VARY fere *y ry rege.é oes ni ob aoe 
sae ‘9. poRSpe whe mrs swery wea ee « ya nat Shey : payie ben % a %t e at i 4 
ahh eet  Bqtqrg 6 sheet aealyeey! w-usgeseds whore ay 4 ee AD 
bee ¥ pecastitane farqeas on Whee ures Byisse 5 S.0 qutseley ees“ ‘ sane a . ad ¢ 
gargs ranean esas “wow urge’) He yiy ioxeWAm bare QAO @ fel gtkeae odie bial 0M, tam 82 . oy , ’ 
Cele ie 8 OME iyseesee ty whore rerUds 26°98 eb y fey y| rote ee Meet, 5 3 veg ky, . Pe . ey, Gee ° 
tye ypugesiee (fone DUP TIONED ras ahi | Rn hd tes ‘ m perl 'syfety Fe A oR y 0 4 O86 OL as af ‘ S 
Ne eae assy eeyiseat “1 see ahei ens Roe CONF F fe re S cq te LPU bie One gr 2,9 he ye fee Os 28 oe cate) 8a N ray | Lee : ° si 
eerie WY: ate ma sc add te eee LT rhgresety try’ aie bite dtp tb tek & of e o6 pa wPisy ? SUE ° j a . fs 8 
* ch a —roe Lid a poe ue Herts Sn Di a Se Fa diige ie a) te tPased ats wfhe Wee ye ve" .% af wate AaD Oy * Ws et tet F) 
> rh) ". asvsete « f * *q * wereld ini " f ® i Oy ot 
shety io cruciate epee tesr * VRTRG PF dE tala pt ae yyy erargferrede ls 6 aa at. atv tar abe ar 
Jal able be uy lca ropes ~ bas td ae glut a Rapp pvietacepy Ne u at peeuts ve ales fey 8 eo hoy © ghral ey epee “ ‘ “¢ ‘ 
Wrealy bree aieraree revit he rhe QAWEL SEL Veo POS ame eta o'@ any? x eS ast el ‘fet a + 8 Rte ja, « ay 
ey yen'e Save ee ta aah a Se Aan ep bP eree 2, aus hriey? ‘ Beg foey aw ORF als is eo’, ; ‘ j e « ¢ 
WINE Cy fore heh Be ber he rho, eh Sary Ye tye ses ne Re Teen ea fats my a. eee BFE Ere Pere Lid § ee ar We Se oveev ties ae 
sasetqrepacosnsute: waseravea dy ae oul ubaineserycl ni Shea ri org PRU Prwrve aa anita iiieih Cm tie te Ds Bo ed afi "hviess “ey y (etNe 7, rae ~< 
scare teryry gatere, stim ah ar iyi ey Fad ie Pk “uth weeny FUG -myMg EPUTHTANS & Gg alee EPID TRO Het Ce oN"Sin © ee € "] 18 ' af 
xtieiiy SOP Te site Pate HS  paceaheqhidersenese dere apaney 0 ceeeyeh eh nepmeanss ot F ate ‘ -. 
. fer th shea by tS tad A) yon os TRL eRe be ee ae tet eH pooggeel sea eg alos Belge eG te they one | tlutesg ’ , ‘ ‘ 
rivera PN | thee seme sa) ABE» ANS yee) etoke ot ae | fotets Fee 0 96d '8%prale 4 Ou they were ol e ° ¥ 7 f én 
mee y Ey bw or wegabre we res Haeryte Bary bTeod lA COP Woofer yaty era a bie ae | e ces >» ste 
shoe aaenraeeg atte rete sy bt Disa sh he 4 “ih aint o€ ea « Sb. CeeMeng (pal ews! ser 9tefe mate o° r F| & “« 
Wee ae oe parr Wed at He 8b Re stafwrowts eal Ves @ al rdyye et Oo, Me stele yor erry « ‘ e f « a b 
sh eras at ’ feet ptedadgn (a: * Ra lavexty CPT Leek Pies ea | . x fe Be ST ad | UAT tad a wp ve 1 ° Q 
sean te. syeueuss evra y relies ew ha talises 18,0 We yw! © 8 sty re ee RTL : ae | * asd "e"eF> 5 ns ©. 
ia Nel eh Sot <p Ab A Ty oy a \4peu pity ah a Pe apy ay Sy prateairy sew & Bap ytess 06° ato Cety Ae 4S wan ere re. a oP ® a | ee : th ‘ 
Oty te rat eMeiagr ae Speers Parade ety we: : “’ ie FS wy shes OR a WG THE oad Vivre wuts PA” ehh eet MOLLY ar Tre} tee? s% oon wer heed . 
POAT ewes Rate oan Tie ewan a bee a Hit Mek Fo Aven, y A fe. BStrveyE YON TS ve ay Wadd oo ek 1g toute T euaseth cu ga e » tes e ‘ 4 
"Oh Perqous poss U Aoyrerere? a to ar) Lee Mth: v) r a's Vig gn AT. & & 0,070 & Y UPR Le ser a) ee ee ee Pues ee he Le 7) wet 
sess row ene ads Ho tote ha | ae sha susute racy ratelatemde hye Vise, RA Gees bp ory. Wye Oconee tld aritere VEleys Migisy  pebiFot wears utde uk Se TEN is of toe 8 
‘ees eTeey en ht bb bensh 1 “i rae mm moO Prete aw WS BM “eeudoreey” "¥ ne FOLeT ay “ETE efee ote hb Week ® ee a £ 4 i t ‘ 4 
TTS 19 be Hil ae EO o ge terwagl . fest bad ih ein hell. t ad ta ee aS cm oPY G7, rtevh sae WUGG-4 084 | FH H® ern Oe cays Po euchse toe aeea ry ‘ ete * © 4 
dhe deal Perper uted = veecvp ywt a) a Het ¥ ee etviverses ee ¥eovls ate oe ey Se 2 Seeurparu se me Ve ePe wi aighavey ‘| * “eae vhs Ca e oe & ‘ 
reer taseeve reauaeresesesn'gurtt weeet CAVE ye TFOS sa ary dE idk ay > tages 9 regs Seek Ure Gyles ay Frivse F . + 8 t & 
20" Teepe ber sere twit wureacgit tga he erage" Le OF ED Mahe CGEM M0 | ur eyed seviNh: @ W" VCore ey © ’ i t". ° sh, ‘ + 1 
Hw V8 Rte APE oer areweatetadarectenee ve Une rerun Fesvin Y y aleahty is nA SE Per Gente syed wre are. ca Roars jot om oot 6 « eeCe a a 
UVP Og YrehYIg MTN My ear yam euM aly even gholety" weer wets we . Sveevy Hd OF APO WET YEO GD VPesal vey: eset wte 1 rr pifa tte 6 we", te tohey 
evdidd Newly went Reet ia Sue be AB glee on Peres Pyd Pere bayer eeu et -eoib A lege ar 4 To PRowdhey oe Gar ge F's t of % : 8 
oj : a Pegi bh eo al sen dgts tua BEE EE ode BEE Das . { “qe % é sy f Bee BO ton om tty ee 
$ A Cae adbe Tr a& foe we e nape me ¢ 6 ; ° ° ' a r) 
aneterstraraiens, w ghey. Had Geluw we +A ow Mabe! yates qevers aor eye on’ ate » AG 5%! > es 6 e.6 ° a Ms wees ae Th , « 
hpheh-ded Ol OF PENT H CES DO ray A RC alk wh ct tintin bhld ad Be ta ta) e017) CPs a Se aha SL LET Done r e te by 1.2 6 ye ¢ ‘ , 
ay we keere v ve eure Wee Bye eee ALE | ues eRe et eare 421 PHE® Sete 9 |” “Gee 4 ei, 2%, “YH TH t ‘ ‘ 
' ned le % er ot or 18 OUPVE VA Hie VGyswanradys yrreune vee } - 3% STaive slop wee. gece 6) niet? és " e af s° t 
AS) vt vse istawry ave Rw hee ely le op eee cS ren? vy wie +4 % Perit ste wee ie ee Pea ‘ o’be 108 ge F l¢ 
Yawiseyse te. RO ae wy PAOO MU AH yey uate, Toye! Se sip bye svar ys Ocasiryeretarll ey t ay % 8 a ; Be 
voy eevee! Chg yun! voc MIeEurEr ibis @ XN HA Pe Moot ea a eo “a8 t : ai se 9 e,et ‘ + «eer 
oe vee syue: be: OF Th = Tr Usy tay OF 0 Tape eteay Ve neue ‘’ YP YOU? beet PoVEeweS Fi WHF rare seta iY bil Yi | 4 i z 
SUV Pela Mian UAE WAR Gs Use Tippy iwi ese = a aihees Rs os EX + ST oe SEL ta a v ‘ . re oe ® 
Ve tik) Lo be CA LL bt beets es Ld let AE weet ayrety we nies tu es HUONG Qi & ol { € aw ’ 
i ee ia) ot 1G at Wifara'y wtil ereggry | vent weary Pr ia YE Same Sa i TT he ‘ t te ITE be oe oP ig + af ‘ , ] 
pmry wre A see nse raichanenet ae Joep hive a | Bt ae af dieu Far br ny ar oe eX ptbee « ° ee a ‘ é 
ra Nine ere Dee vatiiecs if ee Coen aT oP ecetel? ot “He tituas fF te bin a ‘ : ‘ t 2 
fitch ath Wee Peta hy is mie mecviyn ty 1 at he PL Oey Satyr, eve aes oe “ ‘ Sas i £ "es * 1 ‘ 
dats mirery ¥? a8 weeny y r Tea Cate Soule ry qos tt ‘ Pt F e st € % 
voreulngrele o*e be. rt ou es OUND Fel cw.O B'¥eg. a b eo A 44 » ‘ 5 
4 weer: Swre The i <p ee " . ‘ . 
wiley Mu ety oe amv Ae th gi ter’ Sieg tetera ’ +s, & , 
yw works ouety BEF Outed gry ¥ “1 ae ony: ve ; ¥ eee A 
peer uty dhutwansa myeiy vl ray yess ye Wid ny Sree Dad Ad eed 1 é oe, ‘ 
fy we esl Tell eretirya wri LV DOVEVE YS RSE Tit Waa ad her vrre, Pv yrere ie Aha Oe “ ‘ 
Urutaagiers4oveur¥ ben fy a pecan or wa “yee ha ounaty (s bh Ded | seh tg VP tary Me AP ei he ks ae ae 4 aS ’ b % ° 
rere y tly Up Yee sae ie ves igeyl saonty’s: TW t*chueaty F grvreconty, SOM Og eter te e 6 te e e é 
POPP es W18s ONO eN “tof! He Apel Wiba Mciied BU aka len ek haat Bk be ed ah a 9 a | ‘ a * 
Pe yuute Ss erws kK Sie ase a we ce Nebr ne wt eee ay WP Ve 1 beret A ew ‘ vey a ® 
M Gu? ate yee utert baie sowserege: vi ae yante acey oy Ay ieee +, wry ‘ wre Bate 2 t ‘ew! i rn | s ‘ a ' : 4 
dures erg uray vies y! Wy every adie vy viet etre a “ip h res Every vi © thre oo. ‘ P i 6 % , 
git Ipyerans i vive errre et iy TO Te nan sMaRpeytere 4 hoy ta oh a7 Ma EA dL ’ F F ‘ > oie 5 
Pretest oe as res Xj ith CNM eg ‘ yee 1 ete ot 6 we y 





ied 
ling My Leptipbitetie- Biisheh keh tg bold dia Soh, J ae 4 iw e@ Uv tt amu 


Ae Se pee Few SS) a 


i rert a * e+ a4 





ry 


